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PROJECT NOR - 1 

Detection and appraisal of tree pests 

and vegetative disturbances 



NOR-1-02(; 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 28, 1976 

1. Project: Detection and Appraisal of tree pests and vegetative 
disturbances. 

2. Title: Forest tree rusts of western North America. 

3. New: Cont.: X 4. No.: NOR-1-026 

5. Study Leader: Y. Hiratsuka 

6. Key Words: Cronartiwn, 
Chrysomyxa, 
inoculation 

Puaainiastrum, Peridermiwn, MeLampsora, 
cytology, morphology, taxonomy, Uredina1es, 

experiment, pathogenicity. 

7. Location of Work: Edmonton (laboratory, greenhouse and mycological 
herbarium), Kananaskis Forest Experiment Station, 
Western North America with particular emphasis on 
Northern Region (field). 

8. Problem: 

Rust fungi are known to attack vigorously growing plants rather than 
weakened ones because of their obligate parasitism. Damage caused 
by this group of fungi tend to be increased by intensive cultural 
practices as evidenced by such cases as, white pine blister rust in 
North America, poplar rusts in Europe, comandra blister rust of hard 
pines in southeastern North America, and wheat stem rusts and coffee 
rust in many parts of the world. 

An estimate of the losses attributable to forest tree rusts in the 
region has not been obtained but significant growth loss and 
mortality of several major forest tree species, including lodgepole 
pine, jack pine, white spruce, black spruce, balsam fir and 
subalpine fir, have been suggested. In addition, several rust 
species endemic to the region have been recognized as serious pathogens 
in other areas where forestry practices are more intensive. 

Our knowledge of western forest tree rusts has been inadequate to 
solve present and future problems which are and will be caused by 
this group of fungi and studies of this group of fungi on identity, 
life history, host range, cytology, morphology, distribution and 
pathogenicity are necessary. 
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9. Study Objectives: 

General: 

To acquire a comprehensive knowledge and to improve diagnostic 
capability on the forest tree rusts of western North America with 
particular emphasis on the Northern Region in terms of identity, 
host range, life history, distribution and pathogenicity. 

Specific: 

To study aspects of cytology, taxonomy, life history and host-parasite 
relationship of conifer needle rusts, pine stem rusts, and poplar
conifer rusts of the region, and related species in the world. 

10. Resources: 

a. Starting date: 1968 Projects A-232 (1961) and A-254 (1965) were 
combined and redesigned in 1968. 

b. Estimated year of completion: continuing 
c. Estimated total Prof. man-years required: 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.5 (Y. Hiratsuka) 

Supp. 0.7 (P.J. Maruyama) 
Casual Nil 
Total 1.2 

11. Progress to Date: 

1. Comparative studies of the nuclear phenomena of the aeciospores 
and germinating aeciospores of P. harknessii and P. staLactiforme 
have been completed and the results have been published. Further 
nuclear studies have been carried out with the aeciospores of 
P. harknessii material from other regions. Similar studies with 
C. comptoniae and C. comandPae were completed and results have 
been published. 

2. Studies on temperature and pH requirements for an orange and white 
stored aeciospore germination of P. harknessii and P. staLactiforme 
have been completed and published. 

3. White spored P. staLactiforme (Cronartium coLeosporioides f. aLbum) 
was discovered in 1960 in a small area in Banff National Park and 
annual observations were commenced in 1963. Occurrence of this 
form and the results of the annual observations of canker growth 
and tree mortality up to 1965 were published in 1966. Annual 
surveys of the white spored form and the typical yellow spored 
form in the area were outlined. 
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4. A study trip to northern Europe (Norway, Sweden, Netherlands, 
Scotland) was conducted during May and June of 1967 to study 
germ tube cytology of host alternating and pine-to-pine 
races of Cronartium j1aeeidum (Peridermium pini). About 300 
fixed slides of germinating spores have been prepared and 
brought back for cytological studies. Significant differences 
between the two races were found and the results have been 
published. 

5. Study of aeciospore germ tubes of pine gall rust from Quebec 
and New Brunswick showed clearly that they are Peridermium 
harknessii rather than Cronartium quereuum as previously reported. 
A note has been published. 

6. Study of aeciospore germ tubes of Peridermium ephedrae from New 
Mexico indicated an unusual nuclear cycle and a note has been 
published. 

7. Pueeiniastrum vaeeinii complex: Inoculation experiments and 
preliminary morphological comparisons have been completed. 

8. Yellow-spored Peridermia on Abies: Morphological comparisons 
and literature survey have been completed and compilation of 
results for publication has been started. 

9. Spruce needle rusts: Several inoculation experiments have 
been done. Inoculation of Pueeiniastrum sparsum from ArtostaphyZOB 
rubra to Pieea gZauea was successful. This presents the first 
record of this rust on Picea in North America and the results 
have been published. 

10. Taxonomic revision of pine stem rusts, including the establish
ment of a new genus for autoecious species, is completed and 
results have been published. 

11. Morphological study of forest tree rusts by scanning electron 
microscope is in progress and significant results have been 
obtained. Two papers on the subject have been published. 

12. Surveys of the occurrence of TubereuZina maxima on pine stem 
rusts have been undertaken. Two papers on the occurrence 
have been published. 

13. Field and herbarium surveys of the occurrence of the pine stem 
rusts in Canada have been carried out and distribution maps 
were prepared. 

14. Manuscript of the proposed publication "Pine stem rusts of 
Canada" has been completed and in press. 
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15. Modified and improved sets of terminology of spore states 
in Uredinales (rust fungi) were proposed at the First 
International Mycological Congress (1970) and two papers on the 
subject have been published. 

16. To clarify the nomenclatural confusion created by the discovery 
of a new life cycle of pine stem rusts, conservation of the 
generic name Peridermium has been proposed and published in Taxon. 

17. Serious damage caused by two pine stem rusts to a lodgepole pine 
plantation in central Alberta was studied and a report has been 
published. 

18. Study trip to Japan, India and Korea was successfully carried 
out and several significant results on pine stem rusts and 
other tree rusts have been obtained. 

19. Two papers on the insects from the cankers and the litter samples 
under comandra blister rust cankers have been published. 

12. Goals for 1975-76: 

1. Present a symposium paper on the taxonomy, cytology and morphology 
of rust fungi at Purdue University in June as a part of special 
rust taxonomy symposium. 

2. Complete a paper on taxonomy and morphology of Pucciniastrum 
geoppertianum (a fir needle rust). 

3. Continue to compile the "Check list of Uredinales in Alberta". 

4. Continue studies of gall formation and infection of western gall 
rust and prepare a paper on this subject for presentation at 
Canadian Botanical Association meeting in Saskatoon in August. 

5. Conduct inoculation experiments and morphological comparisons of 
Cronartium ribicoZa and C. coZeosporioides in our region and 
compare the results with information obtained in Asia in 1973. 

6. Prepare a paper to the Report of the Tottori Mycological 
Institute on the terminology of rust fungi. 

13. Accomplishments in 1975-76: 

1. Presented an invited symposium paper on the taxonomy and 
terminology of rust fungi at the "J.C. Arthur Memorial Lectures" 
held in conjunction with the Northcentral Division of the 
American Phytopathological Society meeting at Purdue University, 
Indiana in June 1975. 

5 
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2. Taxonomic and morphological studies of Pucciniastrum 
goeppertianum and P. vaccinii has been expanded to 
include forms in other areas of the world and a joint 
publication with Dr. S. Sato of Tokyo University of 
Education is planned. 

3. Significant progress is made of compiling the "Check 
list of Uredinales of Alberta". 

4. Histological study of the gall formation of the western 
gall rust was carried out and several interesting results 
has been obtained. A paper on the subject was presented 
at BEP Joint Meeting at Saskatoon in August 1975. 

5. Conducted inoculation experiments of Cronartium ribicola 
on previously unknown hosts and obtained positive results 
with Castilleja miniata. This results together with 
new informations from Asian pine stem rusts are very 
important and may result in major re-arrangement of pine 
stem rusts taxonomy. A short note is published. 

6. A paper on the controvercies of the terminology of rust 
fungi is published. 

14. Goals for 1976-77: 

1. Arrange a rust taxonomy symposium at the Second Inter
national Mycological Congress in 1977. 

2. Continue morphological and inoculation studies of pine 
stem rusts expecially of Cronartium ribicola. 

3. Prepare the first draft of the "Check list of Uredinales in 
Alberta". 

4. Give advice to and consult with specialists on taxonomy, 
nomenclature and cytology of rust fungi especially of 
forest tree rusts. 

5. Cooperate with Dr. S. Sato (Tokyo) to complete morphological 
and taxonomical study of Pucciniastrum vaccinii and 
P. goeppertianum. 

6. Try to obtain informations of tree rusts in continental 
China and Siberian region of U.S.S.R., especially of pine 
stem rusts. 

7. Re-survey pine stem rusts plots established by Mr. Baranyay 
in 1965-68. 

o 
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15. Publications: 
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Powell, J. M. 1966. A white spored Peride~ium stalactifo~e 
in Alberta. Plant Disease Reporter, 50:114. 

Powell, J. M. and W. Morf. 1966. Temperature and pH requirements 
for aeciospore germination of Peride~ium stalactifo~e and P. 
harknessii of the Cronartium coleosporioides complex. Can. J. 
Bot. 44:1597-1606. + 1 plate. 

Hiratsuka, Y., W. Morf and J. M. Powell. 1966. Cytology of the 
aeciospores and aeciospore germ tuber of Peride~ium harknessii 
and P. stalactiforme of the Cronartium coleosporioides complex. 
Can. J. Bot. 44, 1639-1643. III Plates. 
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comptoniae in Alberta and the Northwest Territories. Pl. 
Dis. Reptr. 50, 419. 

Hiratsuka, Y., L. E. McArthur and F. J. Emond. 1967. Clarification 

7 

of the identity of two needle rusts of alpine fir, Pucciniastrum 
geoppertianum and P. epilobii in Alberta. Can. J. Bot. 45, 1913-1915. 

Hiratsuka, Y. and P. J. Maruyama. 1968. 
term tubes of Peride~ium ephedrae. 

Nuclear condition of the 
Mycologia 60, 437-438. 

Hiratsuka, Y. and P. J. Maruyama. 1968. Identification of Peride~ium 
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aeciospore germ tubes. Pl. Dis. Reptr. 52, 650-651. 

Hiratsuka, Y. 1968. Morphology and cytology of aeciospores and 
aeciospore germ tubes of host-alternating and pine-to-pine 
races of Cronartium flaccidum in northern Europe. Can. J. Bot. 
46, 1119-1122. IV plates. 
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autGecious pine stem rusts. (Ab.). XI International Botanical 
Congress. Seattle, Washington, Abstracts: 91. 

Hiratsuka, Y. 1969. 
pine stem rusts. 

Endocronartium, a new genus for autoecious 
Can. J. Bot. 47, 1493-1495. 

Powell, J. M. and Y. Hiratsuka. 1969. Nuclear condition and germina
tion characteristics of the aeciospores of Cronartium comandrae 
and C. comptoniae. Can. J. Bot. 47, 1961-1963. 2 plates. 
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Hiratsuka, Y. 1970. Identification and morphology of the aecial 
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J. Bot. 48, 433-435. 

Hiratsuka, Y. 1970. Emergence of the aeciospore germ tube of 
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Mycologia 65:137-144. 

Hiratsuka, Y. 1973. The nuclear cycle and the terminology of 
spore states inUredinales. Mycologia 65:432-443. 

Hiratsuka, Y. 1973. Nuclear cycle, taxonomy, and nomenclature of 
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summary.) 
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Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 
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1. Project: Detection and appraisal of tree pests and vegetative 
disturbances. 

2. Title: Forest insect and disease survey 

3. New: Cont.: X 4. No.: NOR-I-033 

5. Study Leader: W.G.H. Ives, Y. Hiratsuka, H. R. Wong, R. A. Blauel 

6. Key Words: Detection, appraisal, distribution, parasites, hosts, 
damage, predators, biological control, hazard, 
susceptibility, stability, management, parks, recreation, 
symptoms, damage, effluents, easement atmosphere. 

7. Location of Work: Throughout region. 

8. Problem: 

Forest insects and diseases annually destroy or degrade large 
quantities of otherwise usable wood fibre. They cause important 
damage to nursery plantations, shelterbelts and park plantings which 
have high aesthetic or shelter values. The relations between insects, 
diseases and their hosts are complex and often obscure. Many of 
the problems confronting resource managers have their origin in 
insect or disease activities, but in other instances unsuspected 
factors may be responsible for the damage, and the insects or 
diseases are of secondary importance. Correct diagnoses therefore 
require a highly trained technical and professional staff. 

The data collected by the Survey provide essential information on 
life cycles, ecology, natural control agents, distribution and 
general abundance, which is of value to research entomologists, 
pathologists and other biologists. Many of the species reported 
by the Survey have a wide distribution, and the regional data are 
part of a larger body of data collected by this and other regions. 
Requests for surveys and advisory services in environmental pollution 
problem areas are being directed with increasing frequency to the 
Canadian Forestry Service. The Forest Insect and Disease Survey 
(FIDS) can handle many of these requests. 
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The gathering of background information on the distribution and 
abundance of insect and disease pests in the Prairies Region has 
largely been completed. We know which pests are important, and 
where they are most likely to occur. The need for routine 
detection surveys has therefore decreased and, since management 
agencies are much closer to the problem than we are, they should 
be able to report any suspected damage. Although we will continue 
to monitor known outbreaks, we have decided to drop routine 
detection surveys and to concentrate our efforts on what might 
be called extension entomology and pathology, emphasizing impact 
and appraisal aspects. To facilitate this work we are establishing 
and strengthening contacts with provincial and federal agencies, 
and are initiating a number of training programs in the form of 
field trips, lectures or seminars, that are aimed at improving the 
capability of personnel in these agencies to diagnose the more common 
problems themselves. We will investigate any reported problems, and 
give advice on what the organism is and on control procedures, if 
available. This approach, we believe, will make better use of 
available resources and should improve the service that we are able 
to provide to management agencies concerned with problems involving 
shade and forest trees. 

9. Study Objectives: 

1. To gain an improved knowledge of forest insects and diseases in 
the region for the purpose of minimizing damage to trees and 
shrubs attributable to these organisms and to provide an 
advisory service to management agencies and the public. 
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2. Provide management agencies with diagnostic impact and appraisal 
services relating to effects of insects, diseases, climatic influences 
and pollutants on trees and shrubs and other types of vegetation. 

10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1941 at Winnipeg and Indian Head 
Estimated year of completion: Continuing 
Estimated total Prof. man-years required: 
Essential new major equipment items for 1975-76 with costs: 
Essential new major equipment items beyond 1976 with costs: 
1976-77 man-years Prof. 0.5 (W.G.H. Ives) 

0.1 (Y. Hiratsuka) 
0.5 (R. A. Blauel) 

Supp. 

Casual 
Total 

1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 
1.0 

9.1 

(J. 
(V. 
(F. 
(R. 
(A. 
(J. 
(G. 
(R. 

Petty) 
B. Patterson) 
J. Emond) 
M. Caltrell) 
E. Campbell) 
P. Susut) 
N. Still) 
C. Tidsbury) 

Nil 
Nil 
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11. Progress to Date: 

Infestations of all the major forest insects have been assessed 
since the inception of the Survey and more recently a large 
amount of information on diseases of the region has also been 
obtained. Much of this information has been stored on magnetic 
tape or punch cards for easy analysis and retrieval. Life 
cycles and other biological data have been obtained for most 
of the major insects and diseases within the region. Numerous 
impact and appraisal surveys have been carried out in response 
to special needs. 

12. Goals for 1975-76: 

1. Known outbreaks of defoliating insects will be monitored as 
required. At the moment, these include forest tent cater
pillar in the three Prairie Provinces, eastern spruce 
budworm in Manitoba and in the Fort McMurray area of Alberta, 
jack pine budworm in Manitoba, possibly western spruce 
budworm in Alberta, and fall cankerworm on the Red and 
Assiniboine Rivers in Manitoba. 

2. The reported infestation of Scleroderris canker in Jasper 
National Park will be evaluated. (Hiratsuka) 

3. In Manitoba, limited detection surveys will be conducted 
in forested areas, particularly parks and high value fibre
producing areas. 

4. Training seminars of courses will be given to staff of as 
many provincial and federal agencies as possible, in order 
to better acquaint them with common insect and disease 
pests of their area, with the anticipation that they will 
eventually be able to diagnose the more common problems. 

5. Reported instances of damage attributable to insects, 
diseases or pollutants will be investigated, and wherever 
possible the cause of the damage determined and the remedial 
action prescribed, if available. 

6. Illustrations for brochures on forest insects and diseases 
will be obtained whenever the required material is available. 
Some pictures will be taken in the field, others in the 
laboratory, depending upon circumstances. Assistance will 
also be given in the preparation of texts for brochures. 

7. Available information, collected by our own staff and by other 
agencies, will be collated into an annual report outlining 
known pest problems in the Region. 

8. Red belt studies will consist of a follow-up of conditions in 
the original plot and the establishment of additional plots 
in areas with different degrees of initial damage, in order 
to better assess the full impact of red belt in the area. 
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9. Mainll'nalH"l' and improvl'1I11'1l1 01 n'f,iollal ins('cl cnllpclillll 
(Wong and Ml'lvin). 

a. Enlarge and update the Edmonton collection by sending 
various groups of insects to specialists in Canada 
and United States for identification. 

b. Amalgamate parts of the Calgary and Winnipeg 
reference collections. 

c. The coding and correction of enclosure slips to 
facilitate the storing and retrieval of such data on 
magnetic tapes at the Biometric and Computer Science 
Branch, Ottawa. 

d. The rearing of forest insects to obtain determined mature 
and immature material for the reference collection. 

10. Diagnostic services for forest insects (Wong and Melvin). 

a. Provide diagnostic services on mature and immature insects 
including their damage for in-service personnel and other 
agencies such as federal and provincial personnel and 
private citizens. 

b. Provide and check entomological nomenclature for 
personnel of the Northern Forest Research Centre. 

c. Provide information on life history and seasonal occurrence 
on forest insects in the Canadian Prairies for provincial, 
federal and university personnel and the general public. 

d. Provide specimens and data to taxonomists engaged in 
revisionary or systematic studies of certain groups of 
insects. 

e. Lecture and arrange displays of forest insects and their 
damage for students from the university and technical 
and public schools touring the Northern Forest Research 
Centre. 

f. Improve on the diagnostic services by studying the life 
history, seasonal development, hosts and parasites of 
the more common insects of the Canadian Prairies. 

11. Following goals will be carried out by the forest disease 
diagnostic and taxonomic service group (Hiratsuka, Lawrence, 
Maruyama) • 

a. Disease reference collection (Mycological Herbarium) 
will be maintained and upgraded. Emphasis will be 
placed on filing of specimens from previous years to 
the herbarium. 

"3" •. .. 
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b. A fungus culture collection which contains more than 500 
living cultures of major forest fungi will be reorganized 
and maintained. The collection had been maintained by 
wood decay study group but after discontinuation of the 
project, it was left unattended for several years. 

c. Specimens of tree and shrub diseases, and other forest 
fungi will be identified for pest extension personnel 
of FIDS, liaison and service personnel and others in the 
Centre, and for outside agencies. 

d. A check list of forest fungi collected in Prince Albert and 
Elk Island National Parks will be compiled. 

e. An annotated check list of major diseases of trees and 
shrubs of the region will be prepared. 

f. Illustrated glossary of forest pathology and forest mycology 
will be prepared. 

12. Limited evaluations of suspect pollution damage will be made 
when the situations warrant such action. Possible areas are: 
Tar Sands, Flin Flon, Yellowknife and Carmacks. 

13. A pre-season forecast of anticipated insect and disease problems 
for the summer of 1975 will be made. 

14. Meetings will be held from time to time with officials of various 
agencies in order to facilitate the implementation of the 
foregoing goals. 

15. The following reports will be completed (Blauel): 

The Forest Condition and Ecological Benchmarking in the 
Athabasca Tar Sands Area. 

Salt Water Spill Problems in the Forest. 

Survey of a Forest Community near a Cement Production Industry. 

16. R. A. Blauel will participate as a member of the Mackenzie Delta 
Gas Working Group. Summations of past survey information on 
natural vegetation problems resultant from the gas and oil 
extraction industry will be utilized in developing site specific 
guidelines for the assessment of the environmental impact of 
the Mackenzie Delta Gas Development. 
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13. Accomplishments in 1975-76: 

1. Forest tent caterpillar infestations in Manitoba, Saskatchewan 
and Alberta were monitored. Infestation remained much the 
same in Alberta, declined in Saskatchewan and increased in 
Manitoba. Egg band sampling was carried out in Manitoba 
and Saskatchewan, at the request of and in cooperation with 
provincial government agencies, and 1976 infestation levels 
predicted. Spruce budworm infestations increased in size 
and severity in the Fort McMurray area of Alberta; in 
Manitoba moderate to severe defoliation was again present 
in the Spruce Woods Provincial Forest and Park and in the 
Interlake area. Infestations of jack pine budworm increased 
in severity in the Sandilands and Spruce Woods Provincial 
Forests, Manitoba. The two-year cycle spruce budworm caused 
light to moderate defoliation in Kootenay National Park. 
A decline in populations of fall cankerworm was noted in 
Metropolitan Winnipeg area. Defoliation ranging from light 
to severe was recorded along the Red River, west of Winnipeg 
to Brandon and around Dauphin. Infestations were also 
recorded in several areas of Saskatchewan. 

2. Several field surveys of "Schleroderris canker" were 
conducted of the area in and around the location reported 
in 1974 in Jasper National Park and other locations in 
Alberta. Scleroderris canker was found in much larger 
areas in and around the original site in Jasper National 
Park but not detected in other parts of the park or other 
locations surveyed. 

Joint field survey and consultation meeting were organized 
in Jasper National Park with staff from PFRC and NFRC on 
Scleroderris canker. 

A visit was made to GLFRC to consult with specialists on 
Scleroderris. 

3. Detection surveys were conducted in most areas of Manitoba 
except the Southwestern part of the province. Included were 
some Provincial Forest Reserves and Parks and Riding Mountain 
National Park. A number of insect species and disease 
organisms (other than those mentioned in #1 above) were 
reported on. 

4. Slide lectures and field trips showing common insect and 
diseases of trees were given to personnel working in 
forestry, agriculture or horticultural fields and 
occasionally to interested groups at the request of 
agriculture or forestry personnel. About 790 persons 
attended 34 lectures presented within the Region. 

.j ~ . 

.J. ,J 
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5. The number of inquiries received from client 
agencies increased (over 1974) in both Edmonton and 
Prince Albert. Problems involving the identification 
and control of insects and diseases were most common, 
although queries on herbicides, pruning, transplanting 
etc. were handled. Extension calls in Alberta totaled 
733 and in Saskatchewan 657. In Manitoba extension 
was handled by Liaison & Development personnel as well 
as Survey. 

6. Photographic material for the planned brochures was 
obtained. Although not complete, a good percentage of 
the required insect photos and many of the disease 
photos have been taken. The quality of the slides 
appears to be very good. Some references have been 
gathered together for use in writing the text. In 
addition to providing illustrations for the brochures, 
the slides are a valuable asset in presenting lectures 
on common insects and diseases. Copies of the slides 
(or prints made from them) will be made available 
for other agencies to purchase, provided that the 
Canadian Forestry Service is acknowledged as the source. 

7. Information on insect and disease conditions in the Region 
during 1975 has been compiled for inclusion in the 
Annual Report of the Forest Insect and Disease Survey. 
More detailed information will be made available to 
client agencies within the Region. Reports outlining 
1974 conditions were published. 

8. The red belt studies are continuing. Four additional plots 
in the Hinton area and two in southern Alberta foothills 
were established for the purpose of monitoring long-term 
mortality, making a total of eight plots for this study. 

9. a. The following insect orders were submitted to 
specialists in Ottawa for identification and 
subsequent incorporation into the required reference 
collection: Lepidoptera 7 specimens, Hymenoptera 
87 specimens, Homoptera 8 vials containing several 
specimens, Arachnida 31 vials containing several 
specimens. About 300 adults and larvae have been 
added to the regional reference collection in 
1975. Sixteen diseased insects were sent to the 
insect pathologists at Sault Ste Marie for identification. 

b. About 200 specimens from the Calgary and Winnipeg 
reference collections have been amalgamated. 
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c. Two hundred and seventy enclosure slips were 
coded and the codes on about 400 old enclosure 
slips corrected and returned to the Biometric and 
Computer Science Branch, Ottawa. 

d. Over 200 larvae were reared either to obtain adults 
for determination or for photographic purposes. 

10. a. Over 500 samples were identified for in-service 
personnel (at Edmonton, Winnipeg and Prince Albert), 
private citizens, cooperators, outside agencies and 
Dr. J. E. Guthrie, Whiteshell Nuclear Research 
Establishment, Pinawa, Manitoba (110 samples). 

b. Provided and (or) checked entomological nomenclature 
in Ranger Reports and scientific papers. 

c. Provided information on life history and seasonal 
occurrence to personnel at the laboratory engaged in 
chemical control and biological studies-. 

d. Loaned or provided specimens to the following for 
scientific research: 

Dr. William E. Miller, U.S.D.A. Forest Service, 
St. Paul, Minnesota. Phyaaionia 

Gerald Hilchie, Uni. of Alberta Buprestis spp 

Joseph Belicek, Un. of Alberta Coccinellids 

Gary Gibson, Biosystematic Research Institute, 
Ottawa Maarophya spp 

Dr. J. C. Roskam, Netherlands chalcids 

Dr. W. C. McGuffin, Biosystematic Research Institute, 
Ottawa Geometrids spp 

e. Arranged displays and lectures to about 25 groups 
representing about 600 people touring the Northern 
Forest Research Centre last year. 

f. Studied the life history of Enargia deaoZor (Walker) 
attacking trembling aspen in Northern Alberta. 

A new study statement covering Goals 9 and 10 in 1976-77 has 
been prepared. 

!.7 
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11. a. A considerable number of specimens have been 
incorporated into the Mycological Herbarium. 
Exchanged specimens with other institutions such 
as Biosystematic Research Institute (Ottawa), 
Purdue University (Indiana) and Tokyo University of 
Education (Japan). 

b. Started the re-organization of the fungus culture 
collections. Contaminated and dead cultures were 
discarded and media for transfer were prepared. 
Several important cultures of forest pathogens 
were added to the collection of forest pathogens 
including pathogens of Dutch elm disease and 
Scleroderris canker. 

c. Identified tree disease specimens and other fungi 
for pest extension personnel of FIDS. Positive 
identification of fire blight disease samples of 
crabapple, apple and pear using isolation technique 
was the major work load in 1975. 

d. Check lists of forest fungi collected in Prince 
Albert and Elk Island National Park are in advanced 
stage of preparation. 

e. First draft of the "Annotated check list of diseases 
of trees and shrubs in the Prairie Provinces" was 
completed. 

f. Card index was prepared of common terms used in 
forest pathology and forest mycology for the 
proposed illustrated glossary. 

A new study statement covering Goal 11 in 1976-77 
has been prepared. 

12. Several limited evaluations were made of suspect 
pollutant damage situations. Among these were: 

a. An evaluation of forest vegetation impacts resultant 
from emergency flaring procedures conducted at 
the G.C.O.S. Tar Sands Oil extraction operation. 

b. A preliminary field survey of vegetation and soils 
conducted around the Flin Flon smelter. 

c. A preliminary field evaluation of forest condition 
around the Prince Albert pulp mill. 

~ 
, '.J 
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d) A field evaluation of catalyst disposal method at 
the Hudson Bay Brazeau Gas plant. 

e) Examination and sampling of the Thompson smoke easement 
permanent plot system. 

f) Evaluation of the salt-water spill plots in the 
Swan Hills area. 

Other short examinations were made of limited stress 
situations including small oil and gas release 
incidents and residential ornamental tree problems. 

File reports on the field aspects of these evaluations 
are completed. 

Additionally an advisory service regarding forest 
ecosystem impacts from pollutants was provided to 
federal and provincial agencies. 

During 1975-76 the following services were provided 
(not in order necessarily of priority): 

Participation in the June hearing concerning the 
INCO-Thompson smelter complex. Manitoba-E.P.S. & 
Clean Air Commission. 

Review of Recommendations concerning the Clean Env. 
Commission Order No. 483 (re: the INCO-Thompson 
smelter complex. Manitoba-E.P.S. 

Advice concerning anticipation of impact from S02 
released from the Wollaston Lake uranium mine 
acid plant. Sask. Dept. of Env. Air Control Branch. 

Participation in the design and review of the Yellowknife 
Environmental Survey. Env. Canada-E.P.S. 

Advice concerning current and projected S02 impacts in 
the Alberta Tar Sands. Alta. D. of E., Air pollution 
Control Division. 

Advice concerning salt water spill impacts on forest 
ecosystems. Alberta Energy Resources Conservation 
Board. 

Advice concerning S02 deposition on soils in the 
Bathurst, N.B. area. C.F.S.-Maritimes Forest Research 
Centre. 
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13. A pre season forecast of major insect or disease 
conditions that were expected in 1975 was sent out to 
agencies most likely to be confronted with problems. 
Actual conditions were close to what was expected. 

14. Several meetings were held with officials of Provincial 
Departments of Agriculture, Forest Services, Provincial 
and National Parks with regard to the type of surveys 
we would be engaged in, lectures etc. 

15. Reports: 

A decision to produce the report on the condition and 
ecological bench marking in the Athabasca tar sands area 
jointly with Dr. Hocking and his subsequent appointment 
to C.W.S. have resulted in a delay in report completion. 

The report on survey of a forest community near a cement 
production industry has been deferred due to priority shifts. 

Reports Completed: 

1. Effects of Salt-Water Spills on Forest Land. 

2. 

I. K. Edwards and R. A. Blauel. Presented at 
the conference on The Environmental Effects of 
Oil and Salt Water Spills on Land. Nov. 75 
and to be published in the proceedings. 

Condensate Release Impacts on a Forest Area. 
Blauel and G. L. Lesko. Also presented 
conference on The Environmental Effects 
Salt Water Spills on Land. Nov. 75 and 
published in the proceedings. 

R. A. 
at the 
of Oil and 
to be 

3. Environmental Stress in the Forest. March 75 Forestry 
Report. 

4. Guidelines for the Assessment of the Environmental 
Impact of Air Pollution Released by the Nickel 
Smelter at Thompson, Manitoba. D. Hocking and 
R. A. Blauel. June 1975 file report. 

16. Concerning the preparation of the guidelines for the Mackenzie 
Delta Gas Development System the following were undertaken 
and completed: A review was made of relevant decision 
models, environmental impact assessment principals and 
environmental guideline procedures; a technical seminar was 
attended where industry representatives presented their 
concepts concerning engineering designs, environmental 

2 
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safeguards and socio-economic considerations for the 
development system; fourteen volumes of industry reports 
concerning the development system were reviewed; a 
compilation and analysis was made of the various environ
mental problems and forest impacts encountered from the 
oil and gas industry in the prairies region; a first draft 
entitled "Guidelines for the Mackenzie Delta Gas Development 
System" was prepared and submitted to the Chairman; a working 
group session where the final draft of the guidelines were 
extensively discussed and roughly spliced together was par
ticipated in and contributions were made in the final splicing, 
editing and proofing processes in assistance to the committee 
chairman. 

The following reports were produced: 

1. Guidelines for the Mackenzie Delta Gas Development System-
A first draft (file report) by R. Blauel. 

2. Guidelines for the Environmental Assessment of the Proposed 
Mackenzie Delta Development--(file report) by the 
Mackenzie Delta Working Group. 

14. Goals for 1976-77: 

1. In the summer of 1976, one man will be stationed at Winnipeg 
and will conduct special and routine impact and appraisal surveys 
in Manitoba. Two men will be stationed at Prince Albert during 
the summer and will be engaged primarily in extension work on 
insect, disease and pollutant problems in Saskatchewan. Two men 
will be stationed in Edmonton, and will engage in similar activities 
in Alberta. Two men will be assigned to special tasks as the needs 
arise, and will assist Prince Albert and Edmonton extension officers 
during peak work loads. 

2. Provide a field diagnostic and pest extension service to client 
agencies and the public concerning the cause and control of problems 
of trees and shrubs attributable to insects, diseases and pollutants. 
When positive identification of the cause is impossible in the field, 
specimens will be referred to specialists--Study·NOR-I-IS4 for 
insects, NOR-I-IS3 for diseases and other specialists as required. 

3. Monitor known outbreaks of defoliating insects as required: forest 
tent caterpillar in the three Prairie Provinces; eastern spruce 
budworm in Manitoba and northern Alberta; jack pine budworm in 
southeastern Manitoba; and fall cankerworm along the Red and 
Assiniboine rivers in Manitoba. 

4. Limited detection surveys will be conducted in Manitoba, particularly 
in parks and high-value fibre producing areas. 

5. Training seminars or courses will continue to be given to staff of 
as many provincial and federal agencies as possible, in order to 
better acquaint them with common insect and disease pests of 
their area. 
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6. Available information on insect and disease pests will be collated 
into an annual report outlining known pest problems in the Region. 

7. A limited numht'r "I' ph"lllgt'aphs ,,\ IlIsl','1 alit! dis,'a~;\' 

pests will he taken, to complt'te tllt' ill\lstrationR till' 

the brochures being prepared. Assistance will also 
be given in searching the literature when required. 

8. A pre-season forecast of anticipated insect and disease 
problems for the summer of 1976 will be made. 

9. Conduct limited detection surveys of Scleroderris canker 
and Dutch elm disease in Saskatchewan, Alberta and 
adjacent areas of B.C. A note will be prepared for 
publication on the added distribution of Scleroderris 
canker in Alberta and B.C. with Dr. Funk (PFRC). 
(Hiratsuka) 

10. Limited evaluations of suspect pollution damage will be 
made when the situation warrants such action. 

Possible areas are: Flin Flon and Prince Albert. 

11. The following reports will be completed (Blauel): 

The Forest Condition and Ecological Bench Marking in 
the Athabasca Tar Sands Area. 

Survey of a Forest Community near a Cement Production Industry. 

12. An advisory service concerning the impact of air and land
spill pollutants on forest ecosystems will be provided 
(Blauel) • 

15. Publications: 

Up to 1975-76 

Blauel, R.A. 1974. Survey field problem definition regarding 
forest pollutant occurrences. File Report. 

Blauel, R.A. and D. Hocking. 1974. 
decline near a nickel smelter. 

Air pollution and forest 
NOR-X-ll5. 

Blauel, R.A. and D. Hocking. 1974. Problems of chloride and 
heavy metal contamination. In Proceedings on reclamation 
of disturbed lands in Alberta. NOR-X-116. 

Blauel, R.A. and D. Hocking. 1974. Impact of an ammonia release 
on trees. File Report. 

Blauel, R.A. and G.J. Smith. 1974. New Norway well site 
examination. File Report. 
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Caltrell, R.M. and J.C.E. Melvin. 1974. Forest Insects 
Collected in Elk Island National Park 1948-1971. 
NOR-X-ll1. 

Emond, F.J. et at. 1974. Forest Insects and Diseases in 
Eight Western Canadian Parks 1973. 17 p. NOR-X-90. 

Emond, F.J. and G.N. Still. 1974. Forest Insect and Disease 
Conditions in Manitoba Provincial Parks 1973. 
17 p. NOR-X-91. 

Gautreau, E.J. and J.C.E. Melvin. 1974. Forest Insects 
Collected in Waterton National Park 1948-1971. NOR-X-120. 

Gautreau, E.J. and J.C.E. Melvin. 1974. Forest Insects 
Collected in Kananaskis Forest Experiment Area 1948-1971. 
NOR-X-88. 

Hocking, D. 1974. Preliminary Survey of the Forest Condition 
near the Transmountain Pipeline Pumping Station. 
File Report. 

Hocking, D. 1974. Effects on the Forest of Sulphur Dioxide from 
a sulphur Fire near Edson, Alberta. NOR-X-139. 

Hocking, D. 1974. Interim report on long-term impact on the 
forest of emissions from a sulphur extraction plant. 

Hocking, D. 1974. Decline of the forest in the Pine Point 
area, N.W.T. File Report. 

Hocking, D. 1974. The forest impact of sulphur dioxide fumes 
from underground combustion of sulphide ores near 
Kimberley, B.C. File Report. 

Hocking, D. and R.A. Blauel. 1974. Supplementary information 
for the Manitoba Clean Environment Commission on Air 
Pollution and Forest Decline near a Nickel Smelter. 
Appendix to NOR-X-1lS. 

Ives, W.G.H, J.J. Lawrence and J.K. Robins. 1974. Important 
forest insects and diseases (in the) Prairies Region. 
In Forest Insect and Disease Survey Annual Report, 1973. 
pp. 70-77. 

Mortenson, K. et at. 1974. Forest Insects Collected in Prince 
Albert National Park 1948-1971. 40 p. NOR-X-l08. 

Patterson, V.B. 1974. Regeneration Mortality Survey in North 
Western Pulp and Power Lease at Hinton. 14 p. NOR-X-80. 
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Patterson, V.B. et at. 1974. Forest Insect and Disease 
Conditions in Alberta Provincial Parks 1973. 14 pp. 
NOR-X-93. 

Petty, J. et at. 1974. Forest Insect and Disease Conditions 
in Saskatchewan Provincial Parks and Trans-Canada Camp 
Grounds 1973. 31 p. NOR-X-95. 

Petty, J. and R.C. Tidsbury. 1974. Shelterbelts in the Regina 
Plains area. File Report. 

Robins, J.K. et at. 1974. Annual District Reports: Forest 
Insect and Disease Survey, Prairie Region 1973. 
55 pp. NOR-X-73. 

Robins, J.K. and J.P. Susut. 1974. Red belt in Alberta. 
NOR-X-99. July 1974. 6 p. 

Smith, G.J. and R.A. Blauel. 1974. Vicary Creek Valley well 
site re-examined. File Report. 

Smith, G.J. and J.C.E. Melvin. 1974. Forest Insects Collected 
in Yoho National Park 1948-1971. NOR-X-105. 

Smith, G.J. and J.C.E. Melvin. 1974. Forest Insects Collected 
in Kootenay National Park 1948-1971. NOR-X-llO. 

Still, G.N. et at. 1974. Forest Insects Collected in Banff 
National Park 1948-1971. 37 p. NOR-X-104. 

Still, G.N. et at. 1974. Forest Insects Collected in Riding 
Mountain National Park 1948-1971. NOR-X-106. 

Susut, J.P. and J.C.E. Melvin. 1974. Forest Insects Collected 
in Jasper National Park 1948-1971. NOR-X-107. 

Wong, H.R. and J.C.E. Melvin. 1974. Insects of Aspen catkins 
in the Canadian Prairies. Northern Forest Research 
Centre, Edmonton, Alberta. 27 p. NOR-X-76. 

1975-76 

Anon. 1975. Guidelines for the environmental assessment of the 
proposed Mackenzie Delta development. File report by 
the Mackenzie Delta Working Group. 

Blauel, R.A. 1975. Guidelines for the Mackenzie Delta gas develop
ment system. A first draft. File report. 

B1aue1, R.A. and G.L. Lesko. 1975. Condensate release impacts on 
a forest area. Presented at the conference on the 
environmental effects of oil and salt water spills on 
land. November 1975. (To be published in the proceedings). 
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Drouin, J.A. and H.R. Wong. 1975. Biology,damage and chemical 
control of the poplar borer (Saperda caZcarata) in the 
junction of the root and stem of balsam poplar in 
western Canada. Can. J. For. Res. 5:433-439. 

Edwards, I.K. and R.A. Blauel. 
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the environmental effects 
on land, November, 1975. 
proceedings) • 

1975. Effects of salt water 
Presented at the conference on 
of oil and salt water spills 
(To be published in the 

Ives, W.G.H., J.J. Lawrence, J. Petty and J.K. Robins. 1975. 
Important forest insects and diseases in the Prairies 
Region. In Forest Insect and Disease Survey Annual Report, 
1974. Forestry Service, Environment Canada. pp. 75-81. 

Patterson, V.B. et aZ. 1975. Annual district reports: Forest 
Insect and Disease Survey, Prairies Region, 1974. 
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NOR-l-OS8 

CANADIAN FORESTRY SERV[CE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 28, 1976 

1. Project: Detection and appraisal of tree pests. 

2. Title: Sawfly systematics 

3. New: Cont.: X 4. No.: NOR-l-OS8 

5. Study Leader: H. R. Wong 

6. Key Words: Tenthredinoidea, Nearctic Region, distribution, hosts, 
keys, life history, morphology, new genera, new 
species, biogeography, revision, symphyta, evolution, 
phylogeny. 

7. Location of Work: Edmonton, Alberta 

8. Problem: 

To study the systematics of the sawflies of Canada. Until 
sawflies are identified, they cannot be discussed or treated in a 
scientific way. Accurate identification of pest species can 
determine their area of spread and assist in confining their damage 
to a restricted area. Systematic studies can provide the means 
of making predictions and generalizations about probable habits, 
distribution, future importance of newly discovered species, and 
clues on possible methods of control. It is the means by which 
an orderly system is provided for storing information about 
sawflies and is an important retrieval device. 

Success in this study is excellent provided time, funds and 
technician assistance are available. Since I am only one of 
two people in Canada, at the present time, actively engaged in the 
systematic study of sawflies, any results obtained would add to 
the knowledge of this group of insects in Canada, and their role 
in our environment. Such knowledge would also aid certain 
biological and ecological studies in North America. 

The material is made available by a number of agencies requesting 
identification services, in particular the Forest Insect and Disease 
Surveys across Canada. Species identification is generally based 
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on the microscopic examination of the extracted genitalia, which 
are mounted on slides. After comparison with available types, 
any new species are described and illustrated together with 
other pertinent information on host, life history, distribution, 
immature stages, phylogeny etc. Keys are constructed to assist 
in future identification. 

9. Study Objectives: 

a. To make systematic studies of the sawflies of Canada, noting 
their mature and immature forms, distribution, host, seasonal 
occurrence, importance to forestry, subspecies, strains and 
phylogenetic relationships. 

b. To separate the various sawfly species by means of keys, 
descriptions and illustrations. 

c. To study the evolution and biogeography of the more important 
sawfly genera. 

d. To study the external and internal morphology of the more 
economic sawfly species. 

10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1950 
Estimated year of completion: a continuing project Revised: 
Estimated total Prof. man-years required: indefinite 
Essential new major equipment items for 1976-77 with costs: 
Essential new major equipment items beyond 1977 with costs: 
1976-77 man-years Prof. 0.5 

Supp. 0.0 
Casual 0.0 
Total 0.5 

11. Progress to Date: 

Nil 
Nil 

The value of cocoons in determining families and genera of sawflies 
has been published. Sawfly larvae of the subfamily Nematinae 
attacking conifers in the Canadian Prairies have been identified. 

The Nearctic species of Pristiphora have been studied and several 
species placed in synonymy or in other sawfly genera, other species 
were found to be Holarctic in distribution and not restricted to 
North America or Eurasia. A phylogenetic study has been made of 
Pristiphora in an effort to obtain an understanding of the relation
ship of the species and the circumstances under which they evolved. 

Descriptions have been published on the external morphology of the 
male, female and ultimate larval instar of the larch sawfly; and 
the intersexes and gynandromorphs of this insect. 

'j ~. 
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The sawfly genus Decanematus was discovered to be new to North 
America and the genus Micronematus in North America was found to 
be a synonym of the European genus EiteZius. 

New species w.~re described in the following genera: 
FPistiphora (Brazil, Canada, U.S.A. and Europe); AZZantus 
(Canada and U.S.A.); Decanematus (Canada); FPistoZa (Canada), 
MeZastoZa (Canada and U.S.A.); and Susana (Canada). 

Larval descriptions have been published on species in the following 
sawfly genera: AnopZonyx, PZatycampus, Tenthredo, Nematus, 
Pikonema, Nematinus, Dimorphopteryx, Arge, Croesus, Cimbex, 
Trichiosoma, Empria, FPiophorus and FPistiphora. 

Diagnostic keys to species in the following genera have been 
published: FPistiphora (South American adults, a,bietina group), 
EiteZius (North American and European adults), AZZantus (North 
American adults with black hind tibiae),Decanematus (North American, 
Japanese and European adults) PristoZa (North American adults), 
MeZastoZa (North American adults) and SharZiphora (Eurasian adults). 

Diagnostic keys to genera of the tribe Pristolini, strains of 
FPistiphora erichsonii and abietina group of FPistiphora 
have been published. Two new genera SharZiphora and MeZastoZa 
were established in the family Tenthredinidae. 

It has been determined that the use of Maha1anobis D2 statistic 
and discriminant function analysis failed to separate populations of 
the larch sawfly, which were resistant or susceptible to the parasite 
MesoZeius tenthredinis. 

The European spruce sawfly has been discovered for the first time in 
southeastern Manitoba along with the parasite, PaZexorista bohemica, 
which was released against it in eastern Canada. 

A brochure was prepared on the life history, damage and control of 
the three birch leaf-mining sawflies in the Prairies. 

The FPistiphora section of the new Hymenoptera of America north 
of Mexico synoptic catalog was revised for Dr. D. R. Smith, 
Washington, D. C. 

The study of the external morphology and genitalia of over 2,000 
specimens of the larch sawfly indicate five strains. Two Eurasian 
strains (Ambles ide and Thir1mire) were accidentally introduced 
into Canada from England by 1913. The Amb1eside strain is 
resistant to the parasite MesoZeius tenthredinis. The early 
infestations in North America were caused by the native strains 
(Aweme and Fernie) and the later infestations by the introduced 
strains. The fifth strain (Salzburg) is confined to Eurasis. 
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The abietina group of Pritiphora has been studied and the 
lancets and penis values illustrated. In this group, a new 
species described, another synonymized, a species indicated 
as a variety was reestablished as a species and a new species 
name for a homonym. 

12. Goals for 1975-76: 

1. Identify specimens of Pristiphora sUbmitted by Dr. D. R. 
Smith, Systematic Entomology Laboratory, Agricultural 
Research Service, USDA, Washington. 

2. Publish the results on the revision of the abietina group 
of Pristiphora. 

3. Continue work on the revision of the genus Pristiphora. 

13. Accomplishments in 1975-76: 

1. The sixty four specimens of Pristiphora submitted by 
Dr. D. R. Smith, Washington have been identified by studying 
the dissected genitalia. 

2. Published the "abietina" group of Pristiphora (Hymenoptera: 
Tenthredinidae). Can. Ent. 107:45-463. 

3. The following new species have been discovered: 

1. Species closely related to the mountain ash sawfly, 
Fristiphora genieuZata (Hartig) from China. 

2. Species related to Pristiphora chZorea (Norton) and 
P. fausta (Hartig) feeding on Quercus from China. 

3. Species related to Fristiphora brasiZienSis Malaise and 
P. pZaumanni Wong from Mexico. 

14. Goals for 1976-77: 

1. Publish: American species of Pristiphora south of the United 
States. Journal. Fristiphora species of southeast Asia 
(Hymenoptera: Tenthredinidae). Journal. 

2. Determine the life history of a willow shoot-boring sawfly, 
Euura atra (Jurine) in Alberta. 

3. Identify sawflies for research personnel, institutions, 
laboratories and the Canadian National Collection. 
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15. Publications:' 

Up to 1975-76 

Lejeune, R. R. and H. R. Wong. 1949. Distribution of larch 
sawfly in Manitoba and Saskatchewan. Canada, Dept. Agric., 
For. BioI. Div., Bi-monthly Prog. Rept. 5(6):2. 

Wong, H. R. 1950. Sawfly larvae of the subfamily Nematinae 
attacking conifers in the forests of the Canadian Prairies. 
Master thesis. Michigan State University: 1-33. 

Wong, H. R. 1951. Cocoons of some sawflies that defoliate 
forest trees in Manitoba and Saskatchewan. Ann. Rept. Ent. 
Soc. Ontario 82:62-67. 

Wong, H. R. 1954. Common sawflies feeding on white birch in 
the forested areas of Manitoba and Saskatchewan. Can. Ent. 
86:154-158. 

Wong, H. R. 1955. Nearctic larvae of the genus AnopZonyx 
(Tenthredinidae: Hymenoptera). Can. Ent. 87:224-227. 

Wong, H. R. 1956. Preliminary notes on intersexes and gynan
dromorphs of the larch sawfly. Can. Ent. 88:545. 

Wong, H. R. 1956. Common Tenthredo larvae feeding on 
deciduous trees in the Canadian Prairies (Tenthredinidae: 
Hymenoptera). Interim Rept. Forest Biology Lab: 19-25. 

Wong, H. R. 1957. Sawflies of the genus PZatycampus Schiodte 
on trembling aspen in the Canadian Prairies. Canada, 
Dept. Agric., For. BioI. Div., Bi-monthly Prog. Rept. 13(4):2. 

Wong, H. R. 1958. The morphology of the adult of the larch 
sawfly, Pristiphora erichsonii (Htg.) (Tenthredinidae: 
Hymenoptera). Interim Rept. Forest Biology Lab., Winnipeg 
1958-1: 1-43: 

Wong, H. R. 1958. The morphology of the ultimate larval instar 
of the larch sawfly, Pristiphora erichsonii (Htg.) 
(Tenthredinidae: Hymenoptera). Interim Rept., Forest 
Biology Lab., Winnipeg 1958-1: 1-16. 

Wong, H. R. 1960. Evolution of the sawfly genus Pristiphora. 
Doctor of Philosophy in Entomology Thesis. University of 
Illinois: 1-113. 

Wong, H. R. and H. H. Ross. 1960. New Nearctic species of 
the genus Pristiphora Latreille (Hymenoptera:Tenthredinidae) 
Can. Ent. 92(3): 193-198. 

Wong, H. R. 1960. Evolution of the sawfly genus Pristiphora Diss. 
Abs. 21(6): 1676. 
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Wong, H. R. 1963. The external morphology of the adults and 
ultimate larval instar of the larch sawfly, Pristiphora 
eriehsonii (Htg.) (Hymenoptera:Tenthredinidae). Can. Ent. 
95:897-921. 

Wong, H. R. and R. B. Benson. 1965. A new species of Pristiphora 
from Brazil (Tenthredinidae:Hymenoptera). Can. Ent. 
97(7):779-782. 

Wong, H. R. 1966. A new species of AZZantus Panzer on birch 
(Hymenoptera:Tenthredinidae) Can. Ent. 98(8):852-854. 

Wong, H. R. 1967. The Nematine genera EiteZius and Mieronematus 
in North America (Hymenoptera:Tenthredinidae). Can. Ent. 
99:1101-1104. 

Wong, H. R. 1968. Deeanematus, a sawfly genus new to North America 
(Hymenoptera:Tenthredinidae). Can. Ent. 100(1):84-86. 

Wong, H. R. 1968. Pristiphora geZida, a new species from Alaska 
(Hymenoptera:Tenthredinidae) J. Nat. Hist. 2:185-186. 

Wong, H. R. 1968. A revision of the tribe Pristo1ini (Hymenoptera: 
Tenthredinidae) Can. Ent. 100:1049-1057. 

Wong, H. R. 1969. Reassignment of the ambigua group of Pristiphora 
to a new genus SharZiphora (Hymenoptera:Tenthredinidae). Can. 
Ent. 101:332-335. 

Wong, H. R. 1969. Pristiphora aeidovaZva, a new sawfly on 
willow (Hymenoptera:Tenthredinidae). Can. Ent. 101:970-972. 

Wong, H. R. and W.G.H. Ives. 1969. The European spruce sawfly in 
Manitoba. Bi-month1y Res. Notes. 25(6):47. 

Wong, H. R. 1972. The spread of the European spruce sawfly Diprion 
hereyniae (Hymenoptera:Diprionidae) in Manitoba. Can. Ent. 
104:755-756. 

Wong, H. R. and H. E. Milliron. 1972. A Canadian species of Susana 
on western juniper (Hymenoptera:Tenthredinidae) Can. Ent. 104:1025-1028. 

Wong, H. R. 1974. The identification and origin of the strains 
of the larch sawfly, Pristiphora eriehsonii $ymenoptera: 
Tenthredinidae), in North America. Can. Ent. 106:1121-1131. 

1975-76 

Wong, H. R. 1975. The abietina group of Pristiphora (Hymenoptera: 
Tenthredinidae. Can. Ent. 107:451-463. 
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NOR-l-089 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 28, 1976 

1. Project: Detection and appraisal of tree pests and vegetative 
disturbances. 

2. Title: Analysis and synthesis of Forest Insect and Disease Survey 
historical data and information. 

3. New: Cont.: X 4. No.: NOR-I-089 

5. Study Leader: W. G. H. Ives 

6. Key Words: Population trends, computer mapping, data retrieval, 
insects and environment. 

7. Location of Work: Edmonton and Ottawa 

8. Problem: 

The large body of data collected by the Forest Insect and Disease 
Survey since its inception has never been thoroughly examined to 
determine what information it contains regarding population trends 
and the environment. 

Some of the data on general distribution and abundance and on rates 
of parasitism were in reports or on raw data sheets, but had not 
been transferred to forms suitable for computer input. Similarly, 
the format used by the Meteorological Branch of the Department of 
Transport for summarizing their weather data was not suitable for 
some of the analyses, and additional summaries had to be prepared. 

This study has undertaken to consolidate all of the available 
information on common insects and weather records for Manitoba and 
Saskatchewan into a format suitable for computer input, and to 
subject these data to a thorough examination. Writing of the 
necessary computer programs will be undertaken by staff in Ottawa. 

9. Study Objectives: 

To determine if the large amount of data on insect infestations 
collected by the Forest Insect and Disease Survey during the past 
years can be utilized to help explain fluctuations in populations 
of for.est insects, and thus lead to a better understanding of the 
factors contributing to insect outbreaks. 
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10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1969 
Estimated year of completion: 1978 
Estimated total Prof. man-years required: 3 
Essential new major equipment items for 1976-77 with costs: 
Essential new major equipment items beyond 1977 with costs: 
1976-77 man-years Prof. 0.2 (W.G.H. Ives) 

Supp. 
Casual 
Total 0.2 

Nil 
Nil 

11. Progress to Date: 

Data have been placed on magnetic tape, edited and upgraded where 
necessary. These data include the FIDS historic file (for Manitoba 
and Saskatchewan) and ancillary data on weather, and infestation 
records and percentage parasitism for major defoliators. 

12. Goals for 1975-76: 

1. If time permits, begin preliminary investigation of possible 
relationships between weather and other defoliating insects. 
Possible candidates are the large aspen tortrix and jack 
pine budworm. 

2. Hopefully, if a programmer is assigned to this study as promised, 
summaries of historic data may yet be forthcoming. Otherwise 
the task seems too large to handle locally with available 
resources and probably should be dropped. I would favor this 
action if no programmer is assigned by Ottawa during 1975-76. 

13. Accomplishments in 1975-76: 

1. Development of large aspen tortrix,based on head-capsule measure
ments, showed a large amount of variation both in time and space. 
Insects collected in northern areas required less heat to 
reach comparable stages of development than those collected 
farther south. In addition, collections made at a given time 
and place contained individuals in two or more instars or stages. 
This is presumably a reflection of differences in over-wintering 
location, since larvae in exposed situations, if alive, would 
start developing before those in sheltered areas at the base of 
the trees. 

Because of the variation, the use of heat units for predicting 
field development of large aspen tortrix does not seem practical. 

There were not enough jack-pine bud worm larvae to establish 
any relationships. 
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2. A program has been developed by programmers in Ottawa that 
will provide preliminary data summaries for all variables. 
A test run has been made and this is currently being checked 
for accuracy. 

14. Goals for 1976-77: 

1. Complete the checking of test data, and have necessary 
corrections made to any errors in the program. 

2. Obtain printouts of appropriate data summaries for 12 of the 
more COmmon insects (there are 25 in all). 

3. If Ottawa's funding permits, obtain additional printouts 
summarizing available data for the other 13 species. 

4. Begin preliminary examination of the data to determine if any 
meaningful interrelationships can be detected. 

15. Publications: 

Up to 1975-76: 

Ives, W.G.H. 1973. Heat units and outbreaks of the forest tent 
caterpillar, Mataaosoma disstria (Lepidoptera:basioaampidae). 
Can. Ent. 105:529-543. 

Ives, W.G.H. 1974. Weather and outbreaks of the spruce budworm, 
Choristoneura fumiferana. Information Rept. NOR-X-llB. 

1975-76 

Nil 

16. Signatures: 

Program Manager 

Director G. T. Silver 
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NOR-I-IIO 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 28, 1976 

1. Project: Detection and estimation of tree pests and vegetative disturbance. 

2. Title: Dutch Elm disease detection and diagnosis. 

3. New: Cont.: X 4. No.: NOR-I-IIO 

5. Study Leader: V. Hildahl 

6. Key Words: entomology, pathology, detection, appraisal, insect 
control, disease control, tree species. 

7. Location of Work: Manitoba 

8. Problem: 

Nature of Study: 

The Dutch elm disease is a fatal disease of native and planted American 
elm. It is transmitted from diseased to healthy trees mainly by bark 
beetles. The causal fungus (Ceratoaystis ulmi) was first found in North 
America in Ohio in 1930. Since then it has spread north and eastward 
into Canada from Ontario to the Maritime Provinces and westward in the 
United States to Idaho, Washington and California. During the past 45 
years, the disease has affected more than 80 per cent of the natural 
range of American elm in North America and has spread to parts of the 
continent where the host tree occurs only as ornamental or shelterbelt 
plantings. 

In 1975, the pathogen was isolated from American elm at three locations 
in Manitoba, namely Winnipeg, Selkirk and Brandon. The expansion of the 
disease to Manitoba is of great importance, especially to many urban 
centres in the southern part of the Prairie Provinces where American elm 
has been used extensively (and in some cases almost exclusively) for 
boulevard and ornamental purposes. 

Benefits of Study: 

Major benefits of the study will be to reduce the impact of the disease 
in outbreak areas, thus maintaining the aesthetic values and pleasant 
environments associated with natural stands and plantings of American 
elms. In many urban centres and park areas throughout the prairie region 
American elm represents up to 80 per cent of the tree cover. 
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Probability of Success: 

Now that the disease is present, the probability exists that within 
the next few years it may spread to most parts of the southern prairie 
regions where elms occur. Early detection and diagnosis followed by 
proper recommended sanitation procedures are important factors in 
controlling Dutch elm disease. In areas where these practices have 
been emphasized elm losses have been reduced by 1-5 per cent per year 
as compared to 16-60 per cent where sanitation measures have not been 
carried out. 

9. Study Objectives: 

The objective of the study are primarily: 1) to carry out systematic 
detection and diagnostic services leading to early discovery of 
diseased trees or localized outbreaks of the Dutch elm disease in the 
Manitoba region; and 2) to provide technical advice, guidance and 
assistance to provincial, municipal and urban governments with respect 
to sanitation and chemical control procedures. 

An important advisory function pertaining to the Dutch elm disease 
study is serving as a member on a Provincial Advisory Committee on 
Tree Protection established by the Minister of Agriculture. 

10. Resources: 

a. Starting date: 1970 
b. Estimated year of completion: continuing 
c. Estimated total Prof. man-years required: 
d. Essential new major equipment items for 1976-77 with costs: 

An airflow cabinet at approximately $800 for laboratory 
culturing of wood and bark samples. Because other fungi 
exhibit similar symptoms to those of the Dutch elm disease, 
positive identification of C. ulmi is possible only through 
laboratory diagnosis. In addition, the discovery of Dutch 
elm disease in Manitoba in 1975 more than tripled (from 70 
to 230) the amount of laboratory culturing as compared to 
previous years and further increases are expected in 1976. 
This facility would greatly improve the efficiency of 
laboratory staff as well as improve the quality of cultures. 

e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years: V. Hildahl 0.7 

11. Progress to Date: 

Since 1970, elm disease investigations in Manitoba have involved 
ground and aerial reconnaissance. Detection surveys have been 
concentrated along river valleys, and in urban centres and ~ural 
areas where major concentrations of American elm occur. During the 
five-year period to 1974, approximately 3,500 suspect trees (trees 
with characteristic external symptoms--flagging, dead branches or 
die-back in the crown) were sampled, of which about 35 per cent 

'-, ; - . 
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exhibited evidence of peripheral stain in the wood. Laboratory 
diagnosis of material from these latter trees indicated widespread 
infections of Fusarium and Verticillium wilts, and occasional 
occurrence of Cephalosporium wilt. All of these wilts are part of 
the elm disease complex in Manitoba. 

Aerial photography using infrared and color films was carried out 
in 1973 along the Red River as an aid to early detection of elm 
disease, especially Dutch elm disease. Two scales of photography 
were obtained as follows: high-level photography was taken of the 
area from Winnipeg to Emerson at 10,000 feet AGL using 3" lens and 
low-level photography from St. Norbert to Glenlea at 1,000 feet 
AGL using a 12" lens. The aerial photography was carried out by 
the Remote Sensing Group, Northern Forest Research Centre. 

12. Goals for 1975-76: 

1. Continue detection (aerial and ground) surveys throughout areas 
of concern in southern Manitoba, and provide diagnostic services 
as required for cooperating provincial and municipal agencies. 

2. Continue to provide technical services to cooperating agencies 
concerned with the Dutch elm disease problem, especially in 
relation to sanitation practices and control procedures. 

3. Complete Information Report entitled "Elm Diseases in Manitoba," 
including interpretation of aerial photography. 

13. Accomplishments in 1975-76: 

1. Through our regular detection and diagnostic services, Dutch elm 
disease was discovered for the first time in Manitoba at three 
localities (Selkirk, Winnipeg and Brandon). The causal fungus of 
Dutch elm disease was positively identified in cultures from 7 
trees in the Brandon area, 5 trees in the Winnipeg area, and 17 
trees in the Selkirk area. This announcement in August that Dutch 
elm disease was present resulted in more than a four-fold increase 
in the number of inquiries received from concerned citizens. 
During the field season, more than 1,000 trees on public and 
private properties were sampled, of which about 230 required 
laboratory culturing for diagnosis. 

2. Technical advisory services to cooperating agencies (provincial 
and municipal) concerned with the Dutch elm disease problem were 
intensified, particularly with respect to sanitation programs 
and control procedures. 

3. The Information Report "Elm Diseases in Manitoba" was not 
completed. 

.JI ", 
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14. Goals for 1976-77: 

1. Continue detection (aerial and ground) surveys throughout areas 
of concern in southern Manitoba, and provide diagnostic services 
to cooperating provincial and municipal agencies. 

2. Continue to provide technical services to cooperating agencies 
concerned with the Dutch elm disease problem, especially in 
relation to sanitation practices and control procedures. 

3. Complete Information Report entitled "Elm Diseases in Manitoba," 
including interpretation of aerial photography. 

15. Publications: Nil 

16. Signatures: 

.. 4/ ~~ ci alJJ 
Investigator Program Manager 

Director G. T. Silver 
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NOR-l-ls3 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 28, 1976 

1. Project: Detection and appraisal of tree pests and vegetation 
distrubances. 

2. Title: Forest diseases: Diagnostic and taxonomic services. 

3. New: x 4. No: NOR-l-ls3 

5. Study Leader: Y. Hiratsuka 

6. Key words: mycology, herbarium, culture collection, nomenclature, 
identification, 

7. Location of work: 

8. Problem: 

Accurate and prompt diagnosis of tree diseases and identification 
of causal organisms are essential to the pest extension services, 
damage appraisal studies, environmental assessment studies, and 
consideration of possible control measures of tree diseases. 
Besides, non pathogenic fungi in forest ecosystems also play 
important rolls in nature. Proper identifications of mycorrhizal 
fungi, decomposing fungi and hyperparasitic fungi in the forest 
are important to many research studies and provide better 
understanding of forest ecosystems. 

Taxonomy and nomenclature of fungi are constantly being revised. 
Changes in the concepts and limits of species and application of 
new or different names for the same organisms often cause confusion. 
Proper applications of up-to-date information of taxonomy and 
nomenclature are necessary whenever names of the organisms are used 
in reports or publications. To provide satisfactory taxonomic and 
nomenclatural service, a highly trained technical and professional 
staff is required. 

To maintain and improve diagnostic and taxonomic service capabilities, 
it is necessary to maintain a high quality disease reference collec
tion, a fungus culture collection and a reference literature 
collection. The disease reference collection of the centre contains 
more than 20,000 catalogued specimens of forest fungi and it is the 
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biggest collection of forest fungi in the pra1r1e provinces. The 
fungus culture collection includes more than 500 live cultures 
of major forest fungi. The centre maintains all major taxonomic 
literatures of the fungi. 

9. Study Objectives: 

1. To provide diagnostic and taxonomic service of tree diseases 
and other forest fungi. 

2. To maintain and improve diagnostic and taxonomic service 
capabilities of tree disease pathogens and other forest 
fungi in the region. 

3. To prepare check lists of forest fungi of important areas 
(e.g. national parks, provincial parks etc.), diagnostic keys 
for identification, and other related publications. 

10. Resources: 

11. 

12. 

13. 

14. 

a. Study date: 1976 (Included as a part of NOR-1-033 until 1975-76). 
b. Estimated year of completion: Continuous 
c. Estimated total Prof. man years required: 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years 

Prof. 0.4 
Supp. 1.3 
Casual Nil 
Total 1.7 

Progress to Date: 

Reported as a part of NOR-1-033. 

Goals for 1975-76: 

Reported as a part of NOR-1-033. 

Accomplishments in 1975-76: 

Reported as a part of NOR-1-033. 

Goals for 1976-77: 

1. Provide tree disease diagnostic and identification service. 
Diagnostic and identification service will be provided mainly 
for the general public and outside agencies through pest 
extension service. 
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2. Maintain and upgrade the Mycological Herbarium. Exchange 
of specimens will be arranged with several institutions. 

3. Complete the reorganization of fungus culture collection. 

4. Make taxonomic investigation of a possible new fungus 
(Marssonina sp.) on balsam poplar. A short journal 
publication describing the fungus will be prepared if 
the fungus is new. 

5. Complete check lists of forest fungi collected in Prince 
Albert and Elk Island National Parks. 

6. "Annotated check list of diseases of trees and shrubs 
of the prairie provinces" will be completed for information 
report. 

7. Make significant progress towards the publication of 
an information publication on diseases of trees and 
shrubs of the prairie provinces. 

15. Publications: 

N/A 

16. Signatures: 

Program Manager 

Director G. T. Silver 



NOR-1-154 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 28, 1976 

1. Project: Detection and appraisal of tree pests. 

2. Title: Forest Insect Diagnostic and Biosystematic Services 

3. New: Cont.: X 4. No.: NOR-1-154 

5. Study Leader: H. R. Wong 

6. Key Words: Insects, larvae ,damage, hosts, parasites, biological 
control, galls, seasonal occurrence, distribution, 
nomenclature, taxonomy, identification, reference 
collection, insectary, life history. 

7. Location of Work: Edmonton, Alberta 

8. Problem: 

Insects play a very important role in the forest ecosystem. 
They attack every part and stage of living and harvested trees. 
Prompt and accurate identification of the adult and larval stages 
is necessary to determine the economic status of the different 
species, kind and type of chemical or biological control necessary 
to combat them and the best time of application. A reference 
collection of mature and immature insects, which is an essential 
prerequisite to diagnostic and biosystematic work, must be 
maintained and upgraded each year. 

Since most of the damage is caused by the immature stages and 
insect identification is based mainly on the adult stage, a 
rearing program is a necessity. The rearing program not only 
provides adults for the identification of the larvae, but also 
information on seasonal occurrence,hosts, parasites and diseases. 
It also supplies material for the adult and larval reference 
collections. 

Difficulties are often encountered in diagnosing sibling species 
or those closely resembling one another either in the adult or 
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larva]. stages. Life history studies are initiated when the 
opportunity arise to gain biological information, which will 
assist in separating these and other species in Central Canada. 
The success of the diagnostic and biosystematic services 
are excellent provided experienced personnel, good insect 
reference collections (adults, larvae and damage) and major 
taxonomic literature are available. Considerable time must be 
devoted to keeping abreast of the latest entomological literature 
and changes in nomenclature. To facilitate prompt and accurate 
diagnosis, keys must be devised not only to the adult and 
immature forms, but also to insect damage in the Canadian Prairies. 

The material is provided by personnel of the Forest Insect and 
Disease Survey and by the investigator. The immature insects 
are reared in the laboratory at Edmonton and in the field. 
The adults obtained are submitted to specialists in Ottawa 
or elsewhere in North America or Europe for identification and 
the latest nomenclature. All adults identified by specialists 
and larvae and damage associated with these adults are placed 
in the reference collection. 

9. Study Objectives: 

1. Provide diagnostic and biosystematic services to clients, 
in-service personnel, outside agencies and scientists 
engaged in biological and taxonomic research on insects. 

2. Maintain and improve the regional collection of insects 
and mites. 

3. When the opportunity arise, initiate biological and 
ethological studies to improve the diagnostic and 
biosystematic services. 

10. Resources: 

a. Starting date: 1976 
b. Estimated year of completion: A continuing project. Revised. 
c. Estimated total Prof. man-years required: Indefinite. 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.5 

Supp. 1. 0 
Casual 0.0 
Total 1.5 
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11. Progress to Date: Recorded in NOR-l-033 

12. Goals for 1975-76: See NOR-l-033 

13. Accomplishments in 1975-76: Report in NOR-l-033 

14. Goals for 1976-77: 

15. 

16. 

1. Provide diagnostic and biosystematic services. 

2. Maintain and improve regional reference collection of 
insects and mites. 

3. Provide information and specimens to scientists engaged 
in taxonomic and biological studies. 

4. Publish: Biological observations and larval descriptions 
of Enargia deaoZor on trembling aspen in northern Alberta 
(Lepidoptera: Noctuidae). Journal. 

Publications: 

Up to 1975-76 

Recorded in NOR 033 

1975-76 

Recorded in NOR 033 

Signatures: 

Investigator Program Manager 

Director G. T. Silver 
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CANADIAN FORESTRY SERVICE 

STUDY STATEHENT 

1976 - 77 

NOR-2-016 

• • 
'lC. 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 21, 1976 

1. Project: Improved forest land inventory and classification methods. 

2. Title: Study of soil moisture and temperature in relation to topography, 
soil, vegetation and climate. 

3. New: Cont.: X 4. No.: NOR-2-016 

5. Study Leader: G. L. Lesko 

6. Key Words: Picea gZauca~ Abies Zasiocarpa~ Pinu8 contorta~ forest 
types, microclimate. 

7. Location of Work: Hinton, Alberta. 

8. Problem: 

The knowledge of environmental factors and the requirements of the 
commercial trees is necessary for sound si1vicu1tura1 practice. The 
quantitative values of soil moisture and temperature in relation to 
space and time in Alberta are not known at the present although these 
are environmental factors of great biological importance. Soil 
moisture and temperature regimes directly influence the establishment 
and subsequent growth of seedlings. Therefore, this project may 
provide useful information for the regeneration of spruce-fir forests, 
and results applicable in land classification and silvicu1tura1 
practices in the study area. 

The probability of success, and application of the results, especially 
in si1vicu1tural research, is high. 

Outline of the methods used: 

1. Forest types of the study area were identified. 
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2. One-tenth acre sample plots were established in the different 
forest types, and described according to soil, vegetation, and 
edaphic properties. Diameter, height, and age of the trees 
were measured for the calculation of the site index and basal 
area. Four sampling points were established in each of the five 
forest types selected for detailed studies. 

3. Colman fiberglass soil moisture units were installed at 10, 20, 
30, 50, 70 and 100 cm depth at two places within each plot. 
Readings were taken with a Backman A.C. ohmmeter at weekly 
intervals during the growing season. 

4. A microc1imatic station was established in each forest type 
including a hygrothermography, and rain gauge. 

5. Soil samples were collection for physical and chemical analyses. 

9. Study Objectives: 

1. To accumulate information on soil moisture and temperature conditions 
of some forest types in Alberta. 

2. To relate soil moisture and temperature regimes to microclimate, 
edaphic conditions, and floristic composition. 

3. To relate soil moisture and soil temperature to forest productivity. 

4. To find a method for the estimation and expression of ecosystem 
moisture regime. 

10. Resources: 

a. Starting date: 1967 
b. Estimated year of completion: 1976 Revised: 1977 
c. Estimated total Prof. man-years required: 1.0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.8 

Supp. 0.8 
Casual 
Total 1.6 

1]. Progress to Date: 

The project was initiated in 1967 with the study of forest types and 
soils within the North Western Pulp and Power Limited lease area, 
near Hinton. Vegetation, forest stand and soils were described on 35 
sample plots. Ten tentative forest types were established on the basis 
of the obtained information. These forest types cover an environmental 
range from dry lodgepole pine to black spruce swamp forest. Five 
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commerical forest types were chosen out of the ten for the establishmenl 
of 10 permanent plots for the study of soil moisture and temperature. 
A series of six Colman fiberglass soil moisture units with thermistors 
have been installed at two observation points within each permanent plot. 

In the spring of 1968, five microclimatic stations were established in 
conjunction with the five forest types under study. Data collection 
were started at the same time, including soil temperature, soil moisture, 
air temperature, relative humidity and precipitation. Air temperature 
and relative humidity were recorded continuously while soil moisture and 
temperature, and precipitation were observed once a week. Laboratory 
analyses of soil samples were also initiated in 1968. 

Preliminary assessment of the existing data suggest that soil temperatures 
in general are lower than the optimum, and differences in soil temperatures 
between forest types are substantial during the growing season. Tree 
growth also seems to be influenced more by soil temperature than by 
moisture deficiency. 

Moisture regime of a forest site is determined by five factors, namely 
soil moisture, soil temperature, saturation deficit of the air, solar 
radiation and wind velocity. These external factors regulate the moisture 
tension in the trees with unknown relative importance. Because of many 
possible combinations of these factors, and their unknown relative 
importance, the comparison of forest site moisture regimes is very 
difficult and uncertain. Therefore, an effort was made to reduce these 
five factors to a single quantitative value for easy comparison. After 
much consideration I have selected the "potential internal moisture 
stress" as a measure of forest type moisture regime. This measure 
reflects the combined effects of all factors involved in moisture regime, 
and easily comparable from site to site. For further information on this 
idea I refer to the publication under 15. 

Pressure bomb measurements of internal moisture tension in white spruce, 
lodgepole pine, and in black spruce were correlated with saturation 
deficit of the air, soil moisture tension, and with soil temperature. 
Results of multiple regression analyses indicate statistically significant 
relationships with 0.44 and 0.90 squared multiple correlation coefficients 
(R2) in different species and forest types. 

Analysis of soil samples is complete and the data partly analyzed and 
summarized. 

12. Goals for 1975-76: 

1. Complete data analysis. 

2. Complete and publish the following Information Report: 

Lesko, G. L. Forest types and associated soils near Hinton, Alberta. 
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13. Accomplishments in 1975-76: 

1. Data analysis was completed. 

2. Publication of the Information Report was not achieved. 

14. Goals for 1976-77: 

1. Co~plete and publish the following Information Reports: 

Lesko, G. L. Forest types and associated soils near Hinton, Alberta. 

Lesko, G. L. Soil temperature and moisture regimes of 5 forest 
types near Hinton, Alberta. 

2. Complete and publish the following Report 

Lesko, G. and J. Soos. Post planting maintenance techniques and 
soil moisture conservation in amenity plantations in 
southern Saskatchewan. 

The above goal has been transferred from NOR-15-140 (Now terminated 
as a matter of administrative convenience). 

15. Publications: 

Up to 1975-76 

Lesko, G. L. 1970. Considerations in the quantitative evaluation 
of ecosystem moisture regime. In Proc. 3rd Forest Micro
climate Symp. Canadian Forest Servo Alberta Territories 
Region, Calgary, Alberta. pp. 69-75. 

1975-76 

Nil 

16. Signatures: 

(
~ 7' f ~ ... .J- I~_-"":·~/ / /.--_-<::::,..r __ :~_ 

Program Manager 

Director G. T. Silver 



NOR-2-109 

CANADIAN FORESTRY SERVICE 

STUDY STATEHENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 21, 1976 

1. Project: Improved forest-land inventory and classification methods. 

2. Title: Development of remote sensing techniques for forest and land 
inventory. 

3. New: Cont.: X 4. No.: NOR-2-109 

5. Study Leader: C. L. Kirby 

6. Key Words: forest and land inventory, multispectral, multidate, 
multiscale photography and ERTS imagery, spectral 
signatures, information systems. 

7. Location of Work: Alberta, Saskatchewan, Manitoba and Territories. 

8. Problem: 

Peace River and Kananaskis Forest Experiment 
Station, Alberta, Lac La Ronge, Saskatchewan. 

There is a need for improved forest-land inventory information to guide 
forest management where increased investments in harvesting, stand 
improvement, regeneration and protection from fire, insects and disease 
are being made. In Alberta, over 90 per cent of present forest inven
tory is over ten years old and becoming obsolete. Changes in forest 
cover resulting from growth, fire, cutting, insect and disease attack, 
dams and reservoirs, oil and mineral exploration and development have 
all contributed to a need for a new provincial inventory suitable for 
provincial and regional planning. In addition, there is a need to 
bridge a technological gap in forest management, where new cameras, 
films, multispectral imagery, thermal scanning and computer mapping 
and information storage and retrieval systems may all greatly improve 
forest inventory techniques. The area will also serve as a ground 
truth area for the satellite programme (ERTS) which will commence in 1972. 

The benefits will be improved decision making in forest and wildland 
management with decreased costs for forest-land inventory. 
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The probability of applying ERTS imagery for mapping of cutover, fires, 
flooding and other changes in forest-land larger than 300 feet square 
is very high, if satellite imagery can be distributed to user groups 
economically and timely. 

Similarily with small-scale photography the application potential is 
well demonstrated on the P-6 management unit. Improved forest and soil 
type maps may be obtained from small (1:120,000) scale IR ektachrome 
photography. In addition, regression equations using average stand 
height, percent species composition and percent crown closure may 
be sufficiently accurate to predict stand volumes for most of the forest 
management planning requirements in the boreal forest region. 

Large-scale photo sampling techniques can give an improved estimate on 
stand mortality, species composition, individual tree vigor and stand 
volumes. More sophisticated equipment than presently available in 
Alberta is required to make stand volume estimate feasible. Equipment 
required: radar altimeter and differential parralax measuring devices 
with encoders. 

The methods used were to obtain various scales, film filter and seasons 
of photography through cooperative arrangements with the AFS, NFRC and 
FMI. Contracts for some of the photography were let through the lCAS 
and during the last two years, CCRS has supplied small 1:120,000 and 
1:40,000 aerial photography and satellite imagery at a scale of 1:1,000,000. 

In 1970, forty sample locations were selected in the centre of merchant
able covertypes to develop large-scale photo sampling methods for 
management unit P-6. 

A long narrow plot 1 x 5 chains, divided into 5 tenth-acre plots was 
established on the large~scale aerial photographs usually at right 
angles to the flight line, where possible, for accurate determination 
of scale on a 5-chain base line measured on the ground and pinpointed 
on the aerial photographs. 

After location of the plot on the ground, one of the tenth-acre plots 
was selected randomly for stem analysis to provide information on 
gross and net tree volumes, and to relate photo measures of tree height 
and crown area to ground measures of dbh and volume. Stem analysis 
data on over 4,000 trees was obtained mainly for white spruce, aspen 
and lodgepole pine to develop regression equations to estimate individual 
tree diameter and volume from ground and photo measurements. On the 
remaining 4 tenth-acre plots: a tally by species, of dbh and percent 
visible defect was made; and two dominant or codominant trees were 
selected for height measurement and their locations were pinpointed 
on the aerial photographs. 
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9. Study Objectives: 

1. To develop application of small-scale multispectral photography 
and satellite imagery for forest and land type mapping. 

2. To develop large-scale aerial photo sampling methods for: 
estimating damage to forest stands, timber volumes and estimates 
of regeneration. 

3. To develop and apply computer programs for: 

1. Ground and photo sampling of forest stands. 

2. Estimating site index and tree volumes for white spruce 
and lodgepole pine. 

3. Mapping information, storage and retrieval. 

10. Resources: 

a. Starting date: 1970 
b. Estimated year of completion: 1975 Revised: 1976 
c. Estimated total Prof. man-years required: 0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 

11. Progress to Date: 

Supp. 
Casual 
Total 

The following has been completed: 

1. Tree volume (TCFV) and site index equations. 

2. Computer program to compile plot information. 

3. P-6 plot information compiled. 

4. Forest cover and soil type map lithographed. 

5. Regression equations to predict dbh from large-scale photos. 

6. Evaluated small and medium scale photography and ERTS imagery. 

7. Obtained through contract a study of spectral signatures at the 
K.F.E.S. 
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8. Obtained magnetic tapes of a P-6 ERTS scene for development of 
computer recognition and analysis of ERTS images. 

9. Applied to K.F.E.S. and Marmot Basin inventories a comprehensive 
remote sensing legend system for the ecological characterization 
and annotation of natural and altered landscapes using small-scale 
(1:60,000) and ERTS imagery. 

10. Developed regression equations to predict softwood stand volumes 
from measures of average stand height and per cent softwood on 
small-scale 1:120,000 IR ektachrome photography. 

11. Drafts of two manuscripts for information reports have been 
completed. 

- Kirby, C. L. Multistaged forest inventory in the boreal 
forest region. N.F.R.C. Inf. Rep. 

- Kirby, C. L. Site index equations for white spruce and 
lodgepole pine in Alberta. 

12. Goals for 1975-76: 

1. Complete publication of two manuscripts noted above. 

2. Terminate study. 

13. Accomplishments in 1975-76: 

1. Presented discussion of draft report on Multistaged Forest Inventory 
at a meeting with Mr. J. Lowe of the Alberta Forest Service and 
Drs. Aldred and Bonner of the Forest Management Institute. In 
addition the report was presented at a National meeting of the 
Canadian Institute of Forestry working groups for Remote Sensing 
and Forest Inventory held at Dorset. A summary of the report 
will be published in the proceedings of the workshop. A revised 
manuscript for publication by N.F.R.C. is under review. Publication 
will be achieved as a goal under NOR-17-142. 

The manuscript on site index equations for lodgepole pine and 
white spruce was completed and is In Press (NOR-X-142). 

2. Study terminated. 

14. Goals for 1976-77: 

None. Study terminated. 
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15. Publications: 

Up to 1975-·76 

Kirby, C. L. and W. Chow. 1970. An adaptation of "MIADS" for an 
IBM 360/30. Cdn. For. Serv., Inf. Rep. A-X-36. pp. 12 
plus computer program. 

Kirby, C. L. and W. D. Johnstone. 1970. Estimation of lodgepole pine 
diameter, basal area, and stand volume for measurements on 
large scale aerial photographs. Cdn. For. Serv., Inf. 
Rep. A-X-37. pp. 22 

Kirby, C. L. and C. F. Nolasco. 1971. Preceedings of: Symposium on 
Forest and Land Inventory for Management. North. For. Res. 
Cent., Cdn. For. Serv., Edmonton, Alberta. pp. 111 

LI 

Kirby, C. L. 1972. Remote sensing of oil spills. File report presented 
November 23, 1972 to meeting with EPS and Industry. pp. 3 

Kirby, C. L. 1973. The Kananaskis Forest Experiment Station (History, 
Physical Features and Working Plan Survey). Inf. Rep. 
NOR··X··5l. pp. 57 

Kirby, C. L. 1973. Preliminary results of ERTS investigation on the 
Peace River test site for the boreal forest region. Paper 
presented to Aerospace and Electronics Symposium, February 5, 
1973, Saskatoon, Sask. pp. 20 + 30 illustrative slides. 

Kirby, C. L. et al. 1973. Remote Sensing. North. For. Res. Cent. 
For. Rep., Vol. 3, No.3. 

Kirby, C. L. 1973. Forest and land inventory using ERTS imagery and 
aerial photography in the boreal forest region of Alberta, 
Canada. pp. 6 + 8 Figs. Third ERTS Symposium, Washington, D.C. 

Kirby, C. L. 1974. Temporal analysis of ERTS imagery in the Boreal 
Forest Region. The Cdn. Surveyor Vol. 28. 

1975-76 

Kirby, C. L. 1975. Site index equations for lodgepole pine and white 
spruce in Alberta. Cdn. For. Servo Inf. Rep. NOR-X-142. 

16. Signatures: 

Investigator /7 Program Manager 

Director G. T. Silver 



NOR-2-115 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CEl\T'fRE 

Date: January 21, 1976 

1. Project: Improved forest-land inventory and classification methods. 

2. Title: Climatic zonation for the forested areas of the Prairie 
Provinces. 

3. New: Cont.: X 4. No.: NOR-2-11S 

5. Study Leader: J. M. Powell 

6. Key Words: forest climatology, climatic classification, bioc1imatic 
zones, forest classification, statistical climate map, 
BS, B14, B1S, B16, B17, B18, B19, B20, B21, B22, B23a, 
B27, SAl, MS, L11, L12. 

7. Location of Work: Edmonton laboratory and various districts in the 
region. 

8. Problem: 

Over the last few years it has become apparent that a climatological 
classification of our forested regions is needed to serve as a tool 
and reference for other forestry research. Members of the Program 
Coordination Group have expressed the desirability of having climatic 
classifications developed from the forestry point of view both at the 
national and regional level (Powell 1970). In the Northern Forest 
Region it is especially needed for stand establishment studies, tree 
provenance trials, site and productivity classifications, and for 
assistance in delineating hazard areas for disease and insect 
organisms and for fire protection. It would have proved useful for 
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the Prairie forest land classification under the Canadian Land Inventory 
program. It would undoubtedly be used as background information by 
a number of Federal and Provincial Departments undertaking resource 
of economic-social studies in the forested areas of these provinces. 
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Climatic classification maps exist for the agricultural areas of 
these provinces, but the extension of these maps into the forested 
areas is not necessarily desirable. Other more universally applied 
classifications such as Koppen, Thornthwaite or their modifications 
when applied to the Prairies rarely delineate forest regions into 
more than one or two climatic classes which is inadequate for meaning
ful forestry work. 

In Alberta, a preliminary study was started in 1969 in conjunction 
with the Canada Land Inventory program (NOR 015), with the initial 
aim to prepare a map of forest climate areas of a portion of the 
province between 53 0 and 56°N. This study employed factor analysis 
of 75 input variables ~f climatological data for a 15-year period 
providing a statistical climate map. The resulting boundaries 
were then adjusted or smoothed through experience gained with the 
operation of a mobile thermo-dew point recorder in selected areas 
of the study region. The findings of this study, which formed the 
basis of a master's thesis have been published (MacIver et al. 1972, 1975). 
The method will be utilized as the starting point for this study. 
This classification method is based solely on climatic variables and 
their interactions, without resorting to the inclusion of non-climatic 
variables which has been characteristic of practically all previous 
classifications. The technique which employs factor analysis followed 
by grouping analysis, has great flexibility which lends itself to 
numerous uses since the individual user is presented with a series of 
groupings which can be generalized or used to give detailed delineation. 

9. Study Objectives: 

To classify the climate of the main forested regions of the Prairie 
Provinces, such that areas having similar climatic regi.mes can be 
delineated on a map. 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1975 Revised: 1977 
c. Estimated total Prof. man-years required: 0.3 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man years Prof. 0.5 (J. M. Powell) 

Supp. 0.1 (L. S. Skaley) 
Casual 
Total 0.6 
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11. Progress to Date: 

1\11 climatological stations in the forested areas (excluding outliers 
such as Cypress Hills) and the adjacent predominantly agricultural 
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areas in the Prairies and portions of adjacent provinces and territories 
were considered for inclusion in the study if they had 6 or more years 
of summer (May to September) temperature and precipitation data during 
the period 1961-1970. In a few cases, stations with only 4 or 5 years 
of record were included to fill large gaps in the geographical distri
bution, especially in northern Saskatchewan and Manitoba. A total of 
386 stations were selected for consideration, of which over 200 were in 
Alberta. Daily data was obtained on magnetic tape from the A.E.S. and 
A.F.S. Initial analysis was restricted to Saskatchewan-Manitoba data 
because of computer tape access problens. Second stage involved separate 
analysis of the Alberta data with the final stage involving all data. 
A total of 300 stations were used for the final analysis. The other 
stations failed to satisfy the F ratio requirements after polynomial 
regression analysis to generate missing data or were not used because 
of static on the magnetic tape. A good network of useable stations 
was obtained for Alberta but coverage in northern Saskatchewan and Manitoba 
was poor. 

A decision was made to employ fewer variables than the original number 
of 75 used in the preliminary study. Initially 37 variables were used 
but this was finally reduced to 22, which included latitude, longitude, 
elevation, mean monthly temperature for the period May to September, 
total precipitation for May to September, frequency of days with a 
temperature greater than -2.2°C for May to September, and water deficiency 
for the months June to September assuming a soil moisture storage level 
of 10 em per year at the end of March. The dropped variables from those 
used in the preliminary study all showed a high dependence on some other 
variables in the matrix, thus we are left largely with a matrix composed 
of independent variables. 

The use of a 10-year period of record rather than a 'normal' 30-year 
period has been compared and substantiated as a valid criteria for this 
study. A Hierarchical Profile Grouping procedure has been employed 
rather than an Algorithmic Grouping procedure as used in the preliminary 
study, as this procedure indicates the optimal number of groups for 
delineating climatic groupings and also shows the linkage of stations in 
successive stages. Finally the significance of the classification scheme 
and the identification of the major discriminating variables between 
climatic groups was undertaken through use of the Wilk's Lambda test in 
the Discriminant Analysis Program. The most statistically significant 
variables were also used to aid in the positioning of climatic boundaries. 



Values were obtained for the mean, range, variance and standard deviation 
for each grouping of stations as an aid in providing simplified climatic 
descriptions for the climatic groupings established. The statistically 
significant climatic variables that distinguish each climatic grouping 
from another are thereby indicated. Also the major discriminating 
variables can be arranged in the approximate order that they characterize 
the climate. 

Two reports were completed and published from the results of the 
preliminary study. A paper was also published on the results of the 
Alberta portion of the study and papers were presented at two meetings 
reporting on the methodology and results of early analysis. The method 
of mobile thermo-dew point recording was also used for a preliminary 
study of likely frost prone areas for a potential tree nursery site 
for the Alberta Forest Service. The results were presented in a 
File Report. 

12. Goals for 1975-76: 

1. All reporting on the Contract (KL015-4-0736) will be completed 
by the end of March 1975; this will include a report describing 
methodology and results of the study, and the return of all 
raw and generated data in a readily accessible format and other 
relevant analytical data. 

2. A report describing methodology and final result of the study 
will be prepared for publication as an Information Report. A 
scientific journal publication will also be considered, which 
may include a comparison with other available maps including 
forest cover. 

3. The paper for the 12th Conference on Agriculture and Forest 
Meteorology will be completed and presented. Hopefm11y the other 
paper (see Section 13.2) can be presented at a climatology meeting 
in eastern Canada and will concentrate on the statistical method 
employed and the method for adju&ting for missing data. Another 
paper itA new climatic classification for the forested areas of 
the Prairie Provinces" has been submitted for possible presentation 
at the Annual Meeting of the Canadian Association of Geographers 
in May. 

4. An assessment will be made of the study results and especially 
the associated generated climatic data to see whether it will be 
worthwhile to publish any of this ancillary data. If it is, a 
draft report will be initiated. The assessment will also include 
any recommendation for further work. 
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5. Complete report from ]1reliminary study on the use of thermo dew-
point mobile sensors for obtaining climatic data for forestry purposes. 

6. Complete Study Progress Report giving status up to the spring 
of 1975. 

13. Accomplishments in 1975-76: 

1. The Contract (KL015-4-0736) was completed with the receipt of the 
Final Report entitled "A factorial climatology of the forested 
regions of the Canadian Prairies" which described the methodology 
and results of the study. Some printouts of generated data have 
been received but the tapes and other data have been retained in 
Toronto by the Contractor as he is still cooperating on publications 
originating from the study. 

2. This goal has been largely deferred because of Task Force assignments 
but the results of the study have been discussed with staff of the 
Alberta Forest Service who are using some of the results. Also a 
small portion of the data has been utilized as part of a publication 
in connection with NOR 138. 

3. Papers were presented at the 12th National Conference on Agriculture 
and Forest Meteorology of the American Meteorological Society and 
the 24th Annual Meeting of the Canadian Association of Geographers. 
Abstracts were published in connection with both Conferences and 
a two-page summary preprint was published in connection with the 
Forest Meteorology Conference. An opportunity did not arise to 
present a paper on the method employed for adjusting for missing 
data as the Friends of Climatology meeting was cancelled in 1975 
because of bad weather! 

4. Goal deferred because of Task Force Assignment and need to complete 
goal 2 first. 

5. The report on "An evaluation of mobile thermo dew-point recording in 
the Spring Creek Basin, Alberta" was completed and published. 

6. A Study Progress Report was completed. 

14. Goals for 1976-77: 

1. Prepare a Departmental or Information Report describing the summer 
climate classification of the forested areas of the Prairie 
Provinces. 
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2. An assessment will be made of the study results and especially 
the associated generated climatic data to see \vhether it will be 
worthwhile to publish any of this ancillary data. The assessment 
will also include comparison with other types of classifications 
and recommendations for possible further work. 

15. Publications: 

Up to 1975-76 

Powell, J. M. 1970. A forest climate classification for Canada -
Discussion. pp. 227-228. In: Powell, J. M. and C. F. 
Nolasco (Eds.). Proc. Third Forest Microclimate Symposium, 
September 1969. Can. For. Serv., Alberta/Territories Region, 
Calgary, Alberta. March. 

MacIver, D. C. 1970. A technique for thermo dew-point recording in 
northern Alberta. (Summary) pp. 188. In: Powell, J. M. 
and C. F. Nolasco (Eds.). Proc. Third Forest Microclimate 
Symposium, September 1969. Can. For. Serv., Alberta/ 
Territories Region, Calgary, Alberta. March. 

MacIver, D. C. 1970. Macroclimatic zonation in northern Alberta. 
Univ. Alberta, M.Sc. thesis. 187 pp. 

MacIver, D. C., W. D. Holland and J. M. Powell. 1972. Delineation of 
similar summer climatic regimes in central Alberta. Environ. 
Can., Environ. Mang., North. For. Res. Cent., Edmonton. 
NOR-X-30. 32 pp. 

Powell, J. M. 1973. Forest climatology in Alberta. Paper presented 
to the Canadian Meteorological Society (Alberta Centre). 
Edmonton, April 3. 

Powell, J. M. and D. C. MacIver. 1974. Climatic classifications of 
the Prairie Provinces: a new classification for the forested 
areas. Paper presented at the Annual Meeting, Western Division, 
Canadian Association of Geographers, Lethbridge. March 16. 

Powell, J. M. 1974. T.emperature traverses near a potential tree nursery 
site, east of Clyde, Alberta. Environ. Can., North. For. Res. 
Cent. File Rep. Study NOR-039. June, 18 pp. 

Powell, J. M. and D. C. MacIver. 1975. Climatic classifications of 
the Prairie Provinces: a new preliminary classification for 
the forested areas of Alberta. pp. 99-111. 1ft: Barr, B. M. 
(Ed.). Western Canadian Research in Geography: The Lethbridge 
Papers. B.C. Geographical Series No. 21. Occasional Papers 
in Geography. Canadian Association of Geographers, Western 
Division. 
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1975-76 

Powell, J.M. and D.C. MacIver. 1975. A factor analytic climatic 
classification of the forested areas of the Prairie 
Provinces. Amer. Meteorol. Soc., 12th Agric. & Forest 
Meteorology Conf., Tucson, Ariz. April 14-16, 1975. 
Preprint Vol. pp. 65-66. (Also Abstract published in 
Bull. Amer. Meteorol. Soc. 56:119, Jan. '75). 

Powell, J. M. and D. C. MacIver. 1975. A factor analytic climatic 
classification of the forested areas of the Prairie Provinces. 
Paper presented at the 12th National Agric. & For. Meteorol. 
Conf., Amer. Meteorol. Soc., Tucson, Ariz. April 14. 24 pp. 

Powell, J. M. and D. C. MacIver. 1975. A new climatic classification 
for the forested areas of the Prairie Provinces. (Ab.) 
pp. 63-64. C.A.G. '75 May 26-30, 1975. Vancouver, B.C., 
Simon Fraser Univ., Dept. of Geography. 

Powell, J. M. and D. C. MacIver. 1975. A new climatic classification 
for the forested areas of the Prairie Provinces. 
presented at the 24th Annu. Meeting, Can. Assoc. 
Vancouver, B.C. May 26. 23 pp. 

Paper 
Geographers, 

MacIver, D.C., W. D. Holland and J. M. Powell. 1975. An evaluation 
of mobile thermo-dew point recording in the Spring Creek 
Basin, Alberta. Environ. Can., For. Serv., North. For. Res. 
Cent., Edmonton, Alberta. Inf. Rep. NOR-X-52. May. 17 pp. 

Powell, J. M. 1975. A climatic zonation for the forested areas of 
the Prairie Provinces. Environ. Can., North. For. Res. 
Cent., Edmonton. Study NOR 115. Progress Rep. 6 pp. July. 

16. Signatures: 

;J / .-. /j 
/ C.----<- -C'_----L,;.--<~ -'"L <... ~''-

In stigator Program Manager 

~,-
Director G. T. Silver 



NOR-2-167 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 21, 1976 

1. Project: Improved forest land inventory and classification methods. 

2. Title: Forest types and their relationships to soil series in the 
P-6 Forest Management Unit. 

3. New: Cont.: X 4. No.: NOR-2-167 
(Formerly NOR-2-983) 

5. Study Leader: G. L. Lesko 

6. Key Words: Piaea glauaa, Abies balsamea, Populus tremuloides, 
boreal forest. 

7. Location of Work: P-6 Management Unit, Peace River District. 

8. Problem: 

~' 
~ .. 

Alberta Forest Service intends to use P-6 as an integrated forest 
management pilot area. In order to set up the most advanced management 
system they need to know the forest types within the area and their 
relationships to the edaphic component and forest productivity. 
Inventory work and soil classification are already completed for the 
area, leaving only the forest type component missing. The Alberta 
Forest Service requested our organization to supply this missing 
information. 

The probability of success, and application of the result is very 
high. 

Outline of the methoAs to be used: 

1. Forest vegetation will be described within soil series ,already 
established by L. Knapik of Alberta Soil Survey, on the field. 

2. Site index and basal area of the stands will be measured. 

3. The forests will be organized into forest types on the basis of 
their vegetation composition. 
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4. The productivity of each forest type will be established and 
their relationships to soil series will be indicated. 

5. Soil series with similar forest types will be grouped to form 
soil management units. 

6. Management implications of soil management units will be described. 

9. Study Objectives: 

1. To classify the forest into forest types. 

2. To find relationships between forest types, soil series, forest 
productivity. 

3. To provide useful information to Alberta Forest Service in the 
formation of forest compartments. 

10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting Date: 1975 
Estimated year of completion: 1976 
Estimated total Prof. man-years required: 0.2 
Essential new major equipment items for 1976-77 
Essential new major equipment items beyond 1977 
1976-77 man-years Prof. 0.2 

Supp. 0.2 
Casual 
Total 0.4 

11. Progress to Date: 

with costs: 
with costs: 

Field studies were completed by the description of vegetation and 
soils in 80 sample plots. 

12. Goals for 1975-76: 

1. To complete all field work. 

2. To initiate analyses of collected data. 

13. Accomplishments in 1975-76: 

1. All field work was completed. 

2. Analysis of collected data was initiated. 

Nil 
Nil 
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14. Goals for 1976-77: 

15. 

16. 

1. To complete data. analysis. 

2. To prepare the manuscript for the following publication: 

Lesko, G. L. Forest/soil relationship in the Peace River Region, 
west of Manning, Alberta. Inf. Rep. 

3. Terminate study. 

Publications: 

Up to 1975-76 

Nil 

1975-76 

Nil 

Si~natures: 

";::/ 
... (' c-/~_/,-~~ 

Program Manager 

Director G. T. Silver 



PROJECT NOR - 3 

Development of economic guidelines for allocating 

resources for resource management and research 



NOR-3-l23 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 26, 1976 

1. Project: Development of economic guidelines for allocating resources 
for resource management and research. 

2. Title: An assessment of the forest-based economy of the Prairie 
Provinces. 

3. New: Cont.: X 4. No.: NOR-3-l23 

5. Study Leader: A. G. Teskey and J. H. Smyth 

6. Key Words: sawmills, pulp mills, multiplier, linkages, benefits, 
economic impacts. 

7. Location of Work: Northern Forest Research Centre, Edmonton, Prince 
Albert, Regina, Winnipeg. 

8. Problem: 

To provide a comprehensive statistical description of some major 
economic impacts of forestry and forest-based industry to the 
provincial and local economies of Manitoba, Saskatchewan, and Alberta, 
for the purpose of more effective utilization and management of 
forest resources. 

This study will provide a statistical information base for NFRC 
management of research programs for more rational allocation (and 
management) of the laboratory's resources. In addition it will 
provide provincial forest resource administrators and managers with 
a better understanding of the benefits (e.g., income and employment) 
generated by the respective provincial forest industries. 

The probability of success in terms of achieving the study objectives 
is almost 1. The probability of the results or conclusions reached 
being put into practice or being seriously considered in policy 
formulation is not readily known as it is almost totally dependent 
upon the decisions of individuals other than the investigators. 
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The methods employed in this study can be viewed as survey methods 
in general. Data collection from government, industry and the 
general public is conducted by telephone, letter and personal 

, (' 
~ .J 

interview. In some cases, data is collected by the use of questionnaires. 

9. Study Objectives: 

1. To describe the land and forest resources of the region by 
province. 

2. To identify and describe some of the major product flows from 
forest to consumer including the raw wood requirements of selected 
wood-using industries. 

3. To identify and estimate the major economic benefits and impacts 
of the forest resource and its utilization by provinces. 

~o. Resources: 

a. Starting date: 1972 
b. Estimated year of completion: 1974 Revised: 1975 
c. Estimated total Prof. man-years required: 1.3 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 1.0 (Vacant -vice Teskey) 

Supp. 
Casual 
Total 1.0 

11. Progress to Date: 

The resource base data was collected in 1974-75 and the draft reports 
for all three provinces prepared. These are now undergoing editorial 
treatment. 

12. Goals for 1975-76: 

1. Complete final publication of: (see item 3 under Section 13). 

2. Write an Issue of Forestry Report on the economic importance 
of primary wood-using industries in west-central Canada. 

3. Provide economic input in DREE regional forestry planning as 
required. 
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A{~complishments in 1975-76: 

I. 1\11 'l reports ('omplet('d ;111<1 in press. 

2, 'l Coals 2 and 3 not accomplished due to transfer 01 Hr. Smyth 
and Mr. Teskey. 

14. Goals for 1976-77: 

1. Recruit new Economist (vice Teskey). 

2. Develop new Economic Research Program in keeping with CFS/EMS 
goals and objectives. 

15. Publications: 

Up to 1975-76 

Teskey, A. G. and J. H. Smyth. 1973. A directory of primary wood
using industries in Alberta, Saskatchewan and Manitoba, 
1972. Northern Forest Research Centre, Edmonton, Alberta. 
Information Report NOR-X-59. June, 1973. pp. 154. 

Teskey, A. G. and J. H. Smyth. Adirectoryafprimary wood-using 
industries in west-central Canada, 1973. Northern Forest 
Research Centre, Edmonton, Alberta. Information Report, 
NOR-X-83. May, 1974. 224 pages. 

1975-76 

Teskey, A. G. and J. H. Smyt~. 1975. The economic importance of 
sawmilling and other primary wood-using industries in Alberta, 
1972. NOR-X-145. (In Press) 

Teskey, A. G. and J. H. Smyth. 1975. Employment, incomes, products, 
and costs in Manitoba's primary wood-using industry, 1972. 
NOR-X-138. lIn Press) 

Teskey, A. G. and J. H. Smyth. 1975. 
and its economic importance. 

16. Signatures: 

Saskatchewan's forest industry 
NOR-X-140. (In Press) 

Program Manager 

Director G. T. Silver 
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NOR-3-134 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 26, 1976 

1. Project: Development of economic guidelines for allocating resources 
for resource management and research. 

2. Title: An economic evaluation of public investment in natural resource 
development and its impact on farm growth and the regional 
economy. 

3. New: Cont. X 4. No.: NOR-3-134 

5. Study Leader: A. G. Teskey 

6. Key Words: input-output, linear programming, polyperiod, multiplier. 

7. Location of Work: Winnipeg and Edmonton. 

8. Problem: 

Public, as well as private, investments can and often are evaluated 
in terms of their costs and benefits, either before they are implemented 
or after. In the case of public investment in regional development 
programs, such as drainage, land clearing, and land acquisition in 
Interlake ARDA-FRED Plan, cost-benefit analysis fails to measure many 
important impacts. For example, a cost-benefit analysis may indicate 
greater benefits than costs from land clearing (Pareek, 1972), but 
is incapable of assessing the effect of these profits on the growth 
of individual farms in the region. Shifts in growth patterns of 
individual farms may result in larger or fewer farms in the area and 
in turn lead to changes in other sectors of the region's economy. 

Given that the main objectives of regional development include the 
improvement of living standards, increasing incomes and more employ
ment opportunities for the depressed areas' inhabitants, public 
programs that result in fewer and larger farms, production of different 
types of crops and livestock, and changing requirements in the kinds 
and amounts of inputs used, necessitate evaluation beyond a macro 
cost-benefit analysis. 
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The purpose of this study is to develop a methodology that allows 
the dynamics of the farm economy to be incorporated in the analysis, 
relates the resulting changes in the region's economy and makes possible 
an assessment of impacts that result from the dynamics of public 
investment before the programs are undertaken. 

Increases net benefits from regional development programs can be 
obtained for the residents of depressed areas since proposed programs 
can be simulated, thereby testing the outcome of proposed policies 
before they are actually implemented and modified where desirable. 

.-, . 
. . 

This reduces the amount of costly trial and error that often accompanies 
a new program of public spending. Similarly, it allows more benefits 
with less costs to be achieved from the general tax dollar. 

Essentially the method to be used involves two major components. An 
input-output model for the regional economy under study is used in 
conjunction with a polyperiod firm growth model. In simplified terms, 
representative farms are chosen and optimum farm management plans are 
aggregated for the region and compared with the agricultural vectors of 
the 1/0 Table for the same period. Then the representative farms are 
allowed to grow into the future through the polyperiod growth models. 
At some future time period these farms are aggregated and modified to 
provide the new vectors of a future 1/0 Table for the region's economy. 
Other sectors of the Table are also estimated for this future date 
and then the multipliers are calculated for the agricultural sector. 
These multipliers reflect the dynamics of farm growth influenced in 
part by the public resource development programs of the initial time period. 

9. Study Objectives: 

1. To develop a model for evaluating the dynamic effects of public 
investment in resource development on the agriculture sector and 
other components of a regional economy and apply this methodology 
to the Interlake area of Manitoba. 

2. To simulate the model for variations in levels ~f public expendi
tures on land clearing, drainage, and acquisition programs in 
Manitoba's Interlake as a sensitivity analysis of the model to 
determine those parameters that are most critical to the model. 
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10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1972 Revised: 1975 
c. Estimated total Prof. man-years required: 1 

"j' . {.: 

d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 

11. Progress to Date: 

Supp. 
Casual 
Total 

1. The literature review was completed and a rough draft of an 
introduction to the study, review of literature, and conceptual 
framework of analysis was completed. 

2. The approach tm the problem has been generally decided upon in 
consultation with my major advisor, Dr. J. A. MacMillan. 

12. Goals for 1975-76: 

To complete study 134 by pursuing the goals set aut for 1974-75, 
e.g. complete thesis. 

13. Accomplishments in 1975-76: 

l.-lork on study was initiated but terminated with the transfer of 
Mr. Teskey to a new position. 

14. Goals for 1976-77: 

Nil - Study terminated. 
Mr. Teskey intends to complete this study but it is no longer 
a CFS program commitment. 
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15. Publ icat ions: 

Up to 1975-76 

Nil 

1975-76 

Nil 

16. Signatures: 

~. 
Investigator Program Manager 

Director G. T. Silver 



PROJECT NOR - 4 

Improved growth and yield of managed stands 



NOR-4-008 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 24, 1976 

1. Project: Improved growth and yield of managed stands. 

2. Title: The effect of spacing on the growth of lodgepole pine. 

3. New: Cont.: X 4. No.: NOR-4-008 

5. Study Leader: W.O. Johnstone 

6. Key Words: Pinus contorta, thinning, stand development, stand 
density, B.19c. 

7. Location of Work: Hinton, Tee-Pee Pole Creek and McKay, Alberta. 

8. Problem: 

Although growing space has a pronounced effect on the development 
of individual trees and forest stands, little is known in Alberta 
concerning the effect of spacing on native spruce and pine. This 
situation prevails at a time when planting is being employed at 
an ever increasing rate, and when serious consideration is being 
given to the correction of over-stocking of lodgepole pine following 
wildfire by pre-commercial thinning. In order to determine the 
optimum thinning regime,a study was established in 1954 in a pure 
stand of 22-year-old lodgepole pine trees. The following treatments 
were carried out in each of three blocks: 

l. Single thinning to 5' x 5' espacement. 

2. Single thinning to 6' x 6' espacement. 

3. Single thinning to 8' x 8' espacement. 

4. Multiple thinning - initially to 6' x 6' then after 50 years 
reduced by 40% basal area. (This treatment was subsequently 
dropped from the experiment). 

5. Multiple thinning - initially to 6' x 6' then every 15 years 
reduced by 30% basal area. 

6. Control, untreated. 

r'Jf , .... " 
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In addition an unreplicated 12' x 12' treatment was included. 
All trees were measured in each treatment plot in 1954 and 
remeasured in 1960 and 1969. The next thinning is due in 1984. 

In order to determine the influence of spacing on the growth 
of very young trees the study was expanded in 1963. Spruce and 
pine 3-0 stock were planted on five sites at five spacings varying 
from 200 to 3,200 trees per acre. In 1963 and 1964 the same 
espacements were established on three sites in dense 5-year-old 
pine regeneration on the Gregg burn. In 1966 and 1967 identical 
treatments were applied in a 25-year-old pine stand in the 
Tee-Pee Pole Creek area of western Alberta. In 1969 the planted 
parts of the study were abandoned because the very poor survival 
invalidated spacing comparisons. 

9. Study Objectives: 

a. To determine how spacing affects diameter, height and volume 
growth, tree form and wood quality. 

b. To determine at what age and density spacing becomes 
effective in controlling growth. 

c. To determine at what age and density trees are able to fully 
occupy the site. 

d. To determine the release potential after various periods or 
degrees of suppression. 

e. To determine the effect of single thinnings of varying 
intensity on the development of dense young lodgepole pine 
stands, and to indicate the limitations of a single thinning 
as opposed to multiple thinning regimes. 

10. Resources: 

a. Starting date: 1954 
b. Estimated year of completion: 1985 (Spacing trials may be 

maintained longer). 
c. Estimated total Prof. man-years required: 2.2 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.4 

11. Progress to Date: 

McKay Thinning Trial: 

Supp. 0.4 
Casual 0.3 
Total 1.1 

1954 - treatments introduced, all trees tagged and measured. 
1960 - remeasurement of sample trees. 
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1969 - trees remeasured, treatment 5 rethinned and stem analysis 
samples collected. 

1970 - 1954, 1960 and 1969 data compiled and analyzed. Stem 
analysis samples measured on Addo-X. 

Gregg Burn (Hinton) Espacement Trial: 
1963 - 3-0 spruce and pine planted at 5 spacings on 5 sites. 
1963 & 1964 - 5 espacements established in 5-yr-old pine on 

3 sites. 
1966 - initial measurements. 
1968 - survival measurement in planted trials. Mapping espacement 

trials. 
1969 - planted trials abandoned due to poor survival. 
1970 - plot maintenance. 
1971 - trees remeasured. 
1973 - biological agents affecting growth and survival of 

each tree identified. 
1974 - plot maintenance. 

Tee-Pee Pole Creek Trials: 
1966 & 1967 - initial treatments applied to 25-yr-01d pine stand. 
1972 - plots remeasured. 

12. Goals for 1975-76: 

1. Prepare Study Progress Report. 

13. Accomplishments in 1975-76: 

1. Study Progress Report covering l1cKay, Gregg Burn and Tee-Pee 
Pole Creek trials prepared. 

14. Goals for 1976-77: 

1. Remeasure Gregg Burn trials and initiate analysis of data. 

(Tee-Pee Pole Creek remeasurement due in 1977-78). 
(McKay thinning remeasurement due in 1979-80). 

15. Publications: 

Up to 1975-76 

Holmes, J.R.B. 
thinning. 
pp. 11. 

1975-76 

Nil 

1961. Development of young lodgepole pine after 
Can. Dep. Forest., Forest Res. Br., Mimeo 61-21. 
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16. Signatures: 

Investigator Program Manager 

. 
~ 

G. T. Silver Director 
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NOR-4-009 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 24, 1976 

1. Project: Improved growth and yield of managed stands. 

2. Title: Growth and yield of lodgepole pine in the foothills 
section of Alberta. 

3. New: Cont.: X 4. No.: NOR-4-009 

5. Study Leader: W. D. Johnstone 

6. Key Words: Pinus aontorta, stand development, yield tables, 
management planning, B.19a, c. 

7. Location of Work: Foothills section of Alberta 

8. Problem: 

There are no adequate yield tables for the lodgepole pine type in 
Alberta. Although the reduction in stand productivity with high 
stand density has been well documented in Alberta, the extent 
of the loss and the relationship between density, site and 
productivity are not well known. Yield tables are necessary 
therefore for rational sustained yield management (through the 
quota system and pulpwood lease agreements), and silvicultural 
practice (i.e., for prescribing remedial stand treatments). In 
order to determine the effect of site and stand density on the 
yield of pure lodgepole pine, stand data were obtained from 865 
measurements of permanent and single examination sample plots. 
For each plot data were obtained on the following: total age, 
site index, mean dbh and height, number of stems and basal area 
per acre, and total cu. ft., merch. cu. ft. (4.6" dbh, 4" top), 
sawlog cu. ft. (8.6" dbh, 6" top) and sawlog f.b.m. (8.6" dbh, 
6" top) volumes per acre. Graphical and regression techniques 
will be used to prepare yield tables which expression mean stand 
height and dbh, and number of stems, basal area and volume per 
acre as functions of stand density, site, and age. The tables 
are to be checked against the permanent sample plot re-measurement 
data. 
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9. Study Objectives: 

a. To construct a variable-density yield table. 

10. Resources: 

a. 
b. 

Starting date: 1951 
Estimated year of completion: Orig. - cont. Revised: 1-1972 

11-1973 
111-1984 

c. Estimated total Prof. man-years required: 1.7 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.0 

Supp. 0.0 
Casual 0.0 
Total 0.0 

11. Progress to Date: 

1951, 1952 and 1953 - 141 permanent and 41 single examination plots 
established. 

1954 - preliminary yield table prepared. 
1961 - permanent sample plots remeasured. 
1964 and 1965 AFS sample plot data obtained and combined with CFS data. 
1969 and 1970 - all data coded and analysis initiated. 
1974 - 85 CFS permanent sample plots relocated, remeasured and analyzed. 

12. Goals for 1975-76: 

1. Publish variable-density yield table in department's Technical 
Report series. 

2. Prepare Study Progress Report. 

13. Accomplishments in 1975-76: 

1. Variable-density yield table for lodgepole pine published in 
department's Technical Report series. 

2. Study Progress Report prepared. 

14. Goals for 1976-77: 

Nil 

(Permanent sample plot remeasurement due in 1984). 



15. Publications: 

Up to 1975-76 

Ackerman, R.F. 
L.A. 1961. 
Bull. 127. 

3 

1954. Preliminary yield tables. In: Smithers, 
Lodgepole pine in Alberta. Can. Dep. Forestry, 

Johnstone, W.D. 1975. Variable stand density yields of natural 
lodgepole pine stands in Alberta. In Management of lodgepole 
pine ecosystems. Symposium proceedings. (D.M. Baumgartner, 
Ed.) Wash. St. Univ., Pullman. Vol. 1:186-207. 

1975-76 

Johnstone, W.D. 1976. Variable-density yield tables for natural 
stands of lodgepole pine in Alberta. Can. Dep. Environ., 
For. Servo Tech. Rep. (in press). 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 



NOR-4-045 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 24, 1976 

1. Project: Improved growth and yield of managed stands. 

2. Title: Growth and development of three native conifers in created and 
untreated stands· 

3. New: Cont.: X 4. No.: NOR-4-045 

5. Study Leader: I.E. Bella 

6. Key Words: Pinus banksiana, P. resinosa, Picea glauca, tree and 
stand growth, density, yield, stocking site, yield 
tables, thinning methods and intensities, spacing. 

7. Location of Work: Various locations in Manitoba, Saskatchewan 
and Alberta. 

8. Problem: 

Jack pine is one of the most widely occurring species in the Boreal 
Forest. It regenerates readily and grows relatively fast even 
in dry, sandy soils. Improved management of the species requires 
reliable methods of forecasting growth and yield of stands of 
different density and site quality. This kind of information is 
also necessary to make decisions about density control treatments 
designed to increase merchantable yield or shorten rotation. 
This information is needed now and its use is assured as it becomes 
available. 

Red pine grows in association with jack pine, generally Oil better 
sites. White spruce is a major component of the mixedwood forest. 
All these tree species are now being the backbone of planting 
programs, which is becoming an increasingly important method of 
reforestation. Growth and yield in plantations depends, to a 
large extent, on spacing of the trees and appropriate selection of 
species. This study is to provide such needed information. 
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Methods: 

Thinning experiments. In the earlier ones, where trees were 
individually selected and cut, the intensity of thinning was 
defined in an arbitrary fashion, usually on the basis of 
crown class designation. In the more recent experiments, 
intensity was defined by spacing, basal area, or SDI. In strip 
thinning, intensity is the function of residual strip width, 
while the width of the cut strip is constant. Stands were 
thinned once in all but one experiment. Stand ages and site 
conditions usually differed by studies. Measurements and 
remeasurements: dbh to 1/10 inch of all trees, height of 
selected sample trees only. In most selective thinning 
experiments, the trees on the plots were mapped. More recently, 
some short term studies have been undertaken on testing thinning 
equipments (brush saws); and analyzing two thinning-fertilization 
experiments in LP, that was initiated by J. Soos. 

Spacing experiments. Establishment 1963 and 1964. Four spacings 
were used: 4 x 4, 6 x 6, 8 x 8, and 10 x 10, 49 trees (7 x 7 
matrix) on each plot with a surround of two rows. Each spacing 
was replicated four times per species per area. Trials established 
for the three species in Manitoba were: 

Piaea glauaa - at Riding Mountain on fresh till. 
- In Sandilands Forest Reserve on fresh sand. 

Pinus banksiana - Sandilands Forest Reserve on dry and/or fresh sand. 

P. resinosa - in Sandilands on fresh sand. 

9. Study Objectives: 

1. To determine the effect of different types and intensities of 
thinning on subsequent growth and yield of jack pine. 

2. To determine growth and development of three indigenous conifer 
species, Piaea glauaa, Pinus banksiana and P. resinosa 
at various spacings on major site types, so that optimum spacing 
can be selected for specific management objectives in future 
planting. 

10. Resources: 

a. Starting date: as early as 1921. 
b. Estimated year of completion: Most of these studies generally 

extend over the life of the stand. 
c. Estimated total Prof. man-years required: 2.0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.1 (I.E. Bella) 

Supp. 0.1 (J.P. DeFranceschi) 
Casual 
Total 0.2 
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11. Progress to Date: 

1. Thinning experiments: 

a. Sample plots have been established and thinning treatment 
carried out where required. Trees on the plots were 
measured and remeasured. Empirical yield tables and 
interim results of the thinning experiments have been 
published. 

b. Undertook the assessment of growth response to operational 
strip thinning programs in pine-jack pine in Manitoba, 
lodgepole in Alberta--by the respective provincial government 
agencies, and published results as became available. 

c. Conducted performance trials with brush saws for thinning 
young lodgepole pine stands. 

2. Spacing experiments: 

a. The spacing trials were established in the spring of 1963 
and 1964. First year mortality was filled in the first 
spring following planting. A cursory examination to 
determine mortality trends and general health status of 
trees was done in the autumn of 1971. 

b. Spacing trials with adequate survival were remeasured in 
the late summer of 1973. (One replication of the jack pine 
trials that were located south of Sandilands on dry sites, 
were abandoned because of excessive mortality due to a 
severe drought in 1967.) An Information Report was written 
based on the remeasurement results. 

12. Goals for 1975-76: 

1. Remeasure the third series of jack pine strip thinning plots (10) 
in SE Manitoba. 

2. Take the additional measurements required and prepare a report 
for publication on the thinning and fertilization study of young 
lodgepole pine. 

3. Write study progress report. 

4. Remeasure a thinning-fertilization study of mature lodgepole pine 
in the Clearwater-Rocky Forest. 

,"" t· . . ~ -~ 
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13. Accomplishments in 1975-76: 

1. The third series of jack pine strip thinning plots (10) in 
SE Manitoba were remeasured. 

2. Additional data was collected and report written on 
thinning and fertilization of young lodgepole pine. 

3. Study Progress Report was written. 

4. The remeasurement has been completed of a thinning
fertilization study of mature lodgepole pine in the 
Clearwater-Rocky Forest. 

14. Goals for 1976-77: 

1. Analyse data from the thinning-fertilization study of 
mature lodgepole pine (Clearwater-Rocky Forest) and 
if warranted, initiate the preparation in information report. 

2. Remeasure strip-thinning studies in pine. 

- jack pine (Study No. 4,b and d) 10 sample plots 
- lodgepole pine in Bow Forest, 20 sample plots 

15. Publications: 

Up to 1975-76 

Wilson, G.M. 1950. Thinning 30-year-old jack pine, Nisbet Forest 
Reserve, Saskatchewan. Can. Dept. Resour. and Develop., 
Si1v. Leafl. No. 52. pp. 3. 

Wilson, G.M. 1952. Thinning jack pine, Nisbet Forest Reserve, 
Saskatchewan. Can. Dept. Resour. and Develop., Silv. Res. 
Note 99. pp. 24. 

Cayford, J.H. 1961. Results of a 1927 jack pine thinning in 
Saskatchewan. Can. Dept. For., Tech. Note 107. pp. 13. 

Cayford, J.H. 1964. 
western Manitoba. 

Results of a 1920 jack pine thinning in 
Can. Dept. For., Publ. No. 1077. pp. 8. 

Bella, I.E. 1966. Strip thinning jack pine thickets with a 
"Drum Chopper" in Manitoba. Information Report MX-X-3, pp. 9. 

Bella, I.E. 1967. Development of jack pine and Scots pine in 
the Spruce Woods Forest Reserve, Manitoba. Can. Dept. 
Forest., Publ. No. 1171. pp. 15. 

y. ' , 
.Iv 
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Bella, I.E. 1968. Growth of white spruce planted in the Turtle 
Mountains. Forest. Chron. 44(3): 45-46. 

Bella, I.E. 1968. Jack pine yield tables for southeastern 
Manitoba. Can. Dept. Fish. Forest., Forest Branch, Publ. No. 
1207. pp. 15. 

Steneker, G.A. 1969. Strip and spaced thinning in overstocked 
jack pine and black spruce stands. Can. Dept. Fish. and 
Forestry. Information Report MS-X-16. pp. 14. 

Bella, I.E. and J.P. DeFranceschi. 1971. Growth of young jack 
pine after mechanical strip thinning in Manitoba. Can. 
Forest. Serv., Information Report A-X-40. pp. 20. 

Bella, I.E. 1972. Growth of young lodgepole pine after mechanical 
strip thinning in Alberta. Can. Forest. Serv., Information 
Report NOR-X-23. pp. 16. 

Bella, I.E. and J.P. DeFranceschi. 1974. Analysis of jack pine 
thinning experiments, Manitoba and Saskatchewan. Dept. 
Env., C.F.S. Publ. No. 1338. 21 p. 

Bella, I.E. 1974. Growth response of young jack pine to mechanical 
strip thinning, Manitoba. C.F.S. Info. Rep. NOR-X-l02. 11 p. 

Bella, I.E. and J.P. DeFranceschi. 1974. Commercial thinning 
improves growth of jack pine. C.F.S. Info. Report NOR-X-112. 
22 p. 

Bella, I.E. 1974. Thinning young lodgepole pine is faster with 
a brush saw. For. Chron. 50:151-154. 

Bella, I.E. 1974. Early results of spacing studies of three 
indigenous conifers in Manitoba. C.F.S., Info. Report 
NOR-X-113. 10 p. 

1975-76 

Nil 

16. Signatures: 

4 

7t·"a-~ 
Program Manager 

Director G. T. Silver 



Study 
No. 

1 

2 

3 

Soil and 
Location Site 

Medium to 
Prince coarse sand, 
Albert, dry to 
Sask. moderately 

Dry 

Stratified 
Sandi- sand and 
lands, gravel 
Man. outwash; 

moist 

Sandi- Medium 
lands, sand; 
Man. fresh 

.SUMMARY OF ACTIVE THINNING EXPERIMENTS IN PINE, 

1973 

Stand Date Date No. 
age at of of of 
establishment remeas. plots 

30 1949 1954 2 
1964 

40 1949 1954 2 

60 1949 1954 2 
1964 

1957 
15 1952 1962 16 

1967 
1971 

1963 
40 1958 1968 20 

1973 

Plot 
size 

(acres) Method 

1.0 

1.0 Regular 
Spacing 

1.0 

Low selection 
thinning to 

0.1 specified 
Stand Density 
Index every 5 
years, except in 
1971 

Merchantable 
Selection 
thinning, low 

0.1 and crown. Only 
trees with dbh 

Thinning 

Intensity 

Control, no thinning 
Thinned: Heavy - 7 x 7 ft 

Control, no thinning 
Thinned: Heavy - 7 x 7 ft. 

Control, no thinning 
Thinned: Light - 9 x 9 ft. 

Control, no thinning - 2 plots 
Thinned: To 40%, 50%, 60%, 70% 

80%, 100%, and 120% 
of control SDI; 2 plots 
each 

Control, no thinning - 4 plots 
Thinned: Heavy low 4 plots 

Light low 4 plots 
Heavy crown 4 plots 

over 4" were removed. Light crown 4 plots 
0 



SillU-1ARY OF ACTIVE THINNUIG EXPERIHENTS IN PINE, 1973 (Continued) 
... ,._ ... ' .... __ .•... ---.... - ......... ~.- ....... -

~. :..~: :ly Soil and Stand Date 
,. ,.\",: . Lccat:Lon Site age at of 

establishment 
.. - .. -- -r--

a. Sand, fresh 9 1964 

---.-----.-
h.Sa.lld, fresh 11 1967 
I 

S.l ad i L.l11 ~1~· 

h 
rCll: ns t 
r.'.~.C:Cl·vr~ ) Ie. Sand, moist 9 
~hnii:l)bCl I 

1964 

Id'~;~md, moist 11 1967 
I 

I 
i , 
:('. ;;~itdy t. ill, 

L r ~~;1t 13 1965 

:f. SC1.udy till, 
fresh 17 1966 

g. Sand, dry 13 1965 

... _-... -_ .. ---.. -... -.... --- .. - ..... -~. 
5 J"::.:.: l-: l: t !~,: . 11 1948 

6 .--- -. ·_·J,:'::-;-n·1.7"-;;'-,:·---·--·:::;-·-l··l---frc'-'ll 
.;.,,, J.\" . .:;... 11",.."., ';,;) 

Fe'H:!rlt, to Taoist 30 1971 
A·r. t' a. 

7 ~; L I. i ~ .-" . '~iTfr:--rr;~S\-l -n 1973 
I':' ] r- to" • 

Date No. Plot 
of of size 

remeas. plots (acres) 

1965 
1968 
1973 

1969 
1976 

1965 
1968 
1973 

1969 
1976 

1967 
1970 
1974 

1968 
1970 
1975 

1967 
1970 
1974 

1968 

1976 

15 

5 

15 

5 

10 

10 

10 

5 

20 

.002 -

.007 

.002 -

.007 

.002 -
• 007 

.002 -

.007 

.002 -

.007 

.002 -

.007 

.002 -

.007 

.25 

.002 -
• 007 

Thinning 

Method Intensity 

Mechanical Control: 5 plots 
Strip-thinning Thinned I-way: 5 plots 

Thinned 2-way: 5 plots 

Hechanical Thinned I-way: 5 plots 
Strip-thinning 

Mechanical Control: 5 plots 
Strip-thinning Thinned I-way: 5 plots 

Thinned 2-way: 5 plots 

Mechanical Thinned I-way: 5 plots 
Strip-thinning 

Mechanical Control: 5 plots 
Strip-thinnin~ 1binncd 1-way: 5 plots 

Mechanical Control: 5 plots 
Strip-thinning Thinned I-way: 5 plots 

Mechanical Control: 5 plots 
Strip-thinning Thinned I-way: 5 plots 

Selection & 
Strip 

Control: 2, Strip: I, 
7x7: 1; 5x5: 1 

-----_._---
Mechanical Control: 6 plots 
Strip-thinning Thinned 1-wClY: 14 plots 

18--. 025 Selective thin-
n i.ng \-1i th a 
brush sav 

Thinned: 6-7 ft spncirs 

_ ... -_. '- ... _. . .. ----------_. --------------
C~ 
0~ 



NOR-4-075 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 24, 1976 

1. Project: Improved growth and yield of managed stands. 

2. Title: Mathematical stand growth models for aspen. 

3. New: Cont.: X 4. No.: NOR-4-075 

5. Study Leader: I.E. Bella 

6. Key Words: Populus tremuloides, tree and stand growth, stand 
development density-competition effects, clonal 
structure, yield, stocking, site, ecological 
systems, models, simulation. 

7. Location of Work: Manitoba and Saskatchewan, some of the analysis 
at University of British Columbia. 

8. Problem: 

A general method is needed to forecast growth and yield of aspen 
for a variety of stand conditions. Of primary interest now is 
the effect of stand density on merchantable yield both in treated 
and in untreated stands. Predicting response to fertilization is 
likely to be a problem in the near future. Such information 
is a prerequisite to more efficient forest management. Even 
partial success and preliminary results would be valuable and 
would be used as became available. 

The complexity of this problem, arising largely from the clonal 
habits of the species, makes it impractical to attempt a solution 
using conventional techniques only, i.e., sampling and experimentation. 
Systems modelling and computer simulation is an approach that may 
provide answers at a reasonable cost in a relatively short time 
and is used in this study. 

9. Study Objectives: 

To forecast growth and yield of aspen stands growing under a range of 
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site and density conditions using a stand growth model developed 
for this purpose. 

10. Resources: 

a. Starting date: 1968 
b. Estimated year of completion: 1973 Revised: 1978 
c. Estimated total Prof. man-years required: 2.0 
d. Essential new major equipment items for 1976-77 with costs: 
e. Essential new major equipment items beyond 1977 with costs: 
f. 1976-77 man years Prof. 0.1 

Supp. 0.1 (J.P. DeFranceschi) 
Casual 

0.2 

11. Progress to Date: 

Nil 
Nil 

1. Identified major components of tree growth and mortality and 
developed appr0priate mathematical descriptions. Major 
features of this model are: (a) a new (hopefully impr-oved) 
method of evaluating competition and description of tree 
spatial pattern, (b) introduction of a random component in 
growth (and mortality) and (c) prediction of dry matter weight 
production. 

2. Analysed growth-competition relations and developed a new 
competition model from appropriate tree growth data (various 
thinning and spacing studies) that also included information 
on spatial pattern of trees in the sample stands. 

3. Studied the effect of clonal differences on diameter growth. 

4. Pooled information from previous thinning studies (in stands 
over 10 years old) on stand development in terms of tree 
growth and size distributions (living and dead), and 
conducted a study to define the effect of initial sucker 
density on tree growth and stand development. 

S. Developed a computer program for an aspen stand model and 
conducted initial test runs. 

6. An assessment of another stand model (by Stage, USFS) , 
somewhat simpler in principle, was conducted to find out if 
that model could be easily adopted for immediate use in this 
region. It was found that this model also required much 
further refinement, testing and additional local data before it 
could be applied in forest management practice. 

7. Incorporated all previous aspen thinning trials (previously 
under NOR-4-072) into this study. 

9 ~: 
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12. Goals for 1975-76: 

1. Publish results in "Growth-density relations in young aspen 
sucker stands" as an Info. Report. 

2. Prepare a progress report on the testing and adaption of 
Stage's stand prognosis model. (Include in the Project 
progress report). 

3. Prepare Study Progress Report. 

13. Accomplishments in 1975-76: 

1. Information Report was published on "Growth-density relations 
in young aspen sucker stands". 

2. A progress report was written on the testing and adoption of 
Stage's stand prognosis model. 

3. A Study Progress Report was written and submitted to Program 
Manager. 

14. Goals for 1976-77: 

1. Remeasure selective thinning studies in aspen, Manitoba: 

Turtle Mountains (MS-133) 4 permanent sample plots 
Riding Mountains (MS-146)12 permanent sample plots 

15. Publications: 

Up to 1975-76 

Bella, I.E. 1968. Estimating aerial component weights of young 
aspen trees. Can. Fish. Forest. Info. Dep. MX-X-12, pp. 36. 

Bella, I.E. 1969. Competitive Influence-Zone Overlap: A 
competition model for individual trees. Can. Dept. Fish. 
Forest.Bi-Month1y Res. Notes 25(3): 24-25. 

Bella, I.E. 1970. Simulation of growth, yield and management of 
aspen, Forest. Chron. 47(1): 41. (Abstract of a thesis.) 

Bella, I.E. 1970. A new competition model for individual trees. 
Forest Sci. 17: 364-372. 

Bella, I.E. 1972. Simulation of growth: A new approach to 
yield forecasting. In: Aspen Symposium Proceedings, USDA 
Forest Service. General Technical Report NC-1. pp. 103-108. 

91 



Bella, I.E. and J.P. DeFranceschi. 1972. The effect of logging 
practices on the development of new aspen stands, Hudson 
Bay, Saskatchewan. Info. Report NOR-X-33, pp. 20. 

Bella, I.E. and K. Hunt. 
aspen from Manitoba. 

1973. Kraft pulping of young trembling 
Can. J. For. Res. 3: 359-366. 

Steneker, G.A. 1974. Thinning of trembling aspen (PopuZus 
TremuZoides Michaux) in Manitoba. C.F.S. Info. Report 
NOR-X-122. 

1975-76 

Bella, I.E. 
stands. 

16. Signatures: 

1975. Growth-density relations in young aspen sucker 
C.F.S., Info. Rep. NOR-X-124. 12 p. 

,/9 
J~;7 I2d~ " 

Investigator Program Manager 

Director G. T. Silver 



Study 
No. 

.) 
L.. 

3 
(HSlII6) 

SmfNAI~Y OF ACTIVE TaINNING AND OTHER CROlnH STUDIES IN ASPEN 

Prepared Nard\ 3, 1975 

,--------------_._--_._- ----------------------_.- .---.--.... -. ---_ .. --- ..... 

Soil and 
Location site 

Ri.ding 
NOllntain 
Nation
al Park 

Non telluric 
mesic clay 
loam till 

Telluric 
mesic , 
silty clay 
loam till 

Stand Date 
age at of 
establishment 

14 1950 

23 1950 

Date 
of 

relllcas~ 

1960 
1965 
1971 

(1976) 
1960 
1965 
1971 

(1976) 

No. Plot 
of size 
plots (acres) 

14 0.2 

4 0.1 

8 0.2 

Thinning 
----------------------_._-------------_ ..... ---
Methods Intensity 

spacing Control_l e Thinned-: 
ips 

Thinned to 
fixed SDI 
every 5-years 

Control, 
Thinned: 

no thimd ng - ? plc1 t 3 
to 12u, 100, GO, i'~;, V· 
and 50~~ of SDI uL ::.:o:ll: 
in 1951 - 2 plot~ 2ac:; 
intensity 

Regular spacing Controla no thinr.ing - J..?}ot , 
Thinned: 8'x8 l

, lO'xlO'. l~'~:L' 

- 1 plot cacL 

Regular spacing Control! no thirlllJ.rw ... 2 plots 
Thinned!c-: (3'}:8', 10':·.1U', 1:J. 1 xL:' 

- 2 plots 0i'ldl 

-------------------------'------------------_ ... _------._._---. 
4 
(HS232) Porcupine 

Mountain 
S~'lC1.n River, 
H.:mitoba 

* Planned measurement in the coming year are in brackets 

Thinning and 
pruning 

-... - -_ ..... _--- _._------ _ .. -.- .... _. 
(~ 

'" 



NOR-4-l02 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date February 24, 1976 

1. Project: Improved growth and yield of managed stands. 

2. Title: Transformation and movement of applied nitrogen in 
selected lodgepole pine stands. 

3. New: Cont.: X 4. No.: NOR-4-l02 

5. Study Leader: J. Baker 

6. Key Words: Ammonium-nitrogen, nitrate-nitrogen, amino sugar-nitrogen, 
amino acid-nitrogen, humin nitrogen, soil horizon, 
moisture tension. 

7. Location of Work: Edmonton, Hinton, Alberta (Edson map sheet 83F) 

8. Problem: 

Nature of Study: 

This is principally a study to determine soils response to applied 
nitrogen. It emphasizes the influence of soil properties on the 
transformation, movement, immobilization, and distribution of soil 
nitrogen. It also seeks to evaluate the modifications brought 
about within the several soil nitrogen fractions as a result of 
artificially applied nitrogen. 

Benefits expected: 

In conjunction with the growth measurements obtained in study 
NOR-4-l22, it is expected that information gained in this phase of 
the project will provide a base for interpretation of stand 
performance and growth response. In addition, results obtained 
in this trial will provide information important in deciding the 
profitability of artificial fertilization of forested areas 
dominated by these and similar soil types. 

Probability of success: 

Initial results, so far as soil responses to nitrogen applications 
are concerned, suggest that fertilization of these and similar 
soil would prove profitable. Growth and foliar analyses results 
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will have to be considered also before any judgement can be made 
regarding the likelihood of success. 

Probability of practical application of results: 

Should both stand and soil responses indicate the probability of 
success, it would seem reasonable that forest operators (logging 
and lumber industry) and forest managers (parks and recreation) 
would be keenly interested in the practical application of results 
to increase productivity, especially so in view of the decreasing 
land base available to them. 

Method used: 

Two phases of this study have been initiated. In the field various 
installations on treated and untreated plots (study NOR-4-l22) have 
been carried out. Sampling of soils, vegetation and the various 
installations will be done on an annual basis to monitor effects 
of nitrogen applications on soil nitrogen distribution, foliar 
composition and stand growth - initial (first growing season) 
and residual (subsequent growing seasons) effects are to be studied. 

The laboratory study is not to duplicate field conditions but to 
investigate the influence of certain environmental factors such as 
soil moisture and temperature, atmospheric temperature and humidity 
and soil type on the distribution of nitrogen in the various soil 
nitrogen fractions, on the uptake of nitrogen and its influence 
on tissue composition and the relationship between these and 
seedling growth. 

9. Study Objectives: 

To determine the influence of soil properties on the transformation, 
distribution and accumulation of the various soil nitrogen fractions, 
ammonium-nitrogen, nitrate-nitrogen, humin-nitrogen, etc., 
resulting from soil nitrogen applications within selected lodgepole 
pine stands. 

10. Resources: 

a. Starting date: 1972 
b. Estimated year of completion: 1978 
c. Estimated total Prof. man-years required: 1.0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.1 

Supp. 0.0 
Casual 0.0 
Total 0.1 
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11. Progress to Date: 

Soil and foliar analyses have been done on two different 
occasions since fertilization. Two reports on N-status and one 
on P-status in Coalspur and Mercoal soil types have been completed. 

12. Goals for 1975-76: 

No resampling of these plots is anticipated for the coming season. 
We have sufficient samples in cold storage for all anticipated 
laboratory analysis. One exception to this may be the sampling 
of soil solution ceramic samplers installed in various locations 
in the study area last summer. 

Complete analyses of soils in cold storage for N, P & Swill 
continue this year. These analyses (for 1974 samples) should 
supply up-to-date information regarding N, P & S status 
distribution in the soil as well as residual effect of application. 
It is hoped that this year will see the termination of this phase 
(soils) of study 102. A journal report will be attempted using 
soil samples from artificially formed Mercoal soil profiles 
which have been used for seedling growth for the past four years. 
These profiles have been allowed to thoroughly equilibriate 
during this time and so should be fairly representative of field 
soils, but will provide for a much better possibility for 
duplication of results. 

13. Accomplishments 1975-76 

1. A report "Effects of fertilization on phosphorus status in 
two forest soils was submitted to the Cdn. Jour. of For. Res. 
This report was returned with the suggestion it be sent to 
another journal outlet. It was rejected as unsuitable for 
the Cdn. Jour. of For. Res. The article was revised using 
the suggestion of those referees (1) who offered constructive 
criticism. Included in the rewrite were data taken from the 
laboratory study on soil phosphorus. These data confirmed the 
earlier field data as to over all effect. Fertilized soils 
were left more impoverished with respect to phosphorus than 
in fertilized soil. This revised report has been in the 
possession of the program manager for 3-4 months. 

2. The installation of ceramic solution samplers for the 
purpose of obtaining soil solution near the tree roots so 
far has provided little in the way of new data. Some samplers 
were pulled up (presumably by bears) and destroyed. Those 
remaining intact provided no soil solution as the soil 
moisture suction was beyond 1 bar. 

3. In consultation with the Program Manager it was decided that 
further soil analyses would be deferred until Dr. Johnstone 
does his growth measurements and stem analyses. 
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14. Goals for 1976-77: 

1. Publication of report--Effects of fertilization on 
phosphorus status in two forest soils. 

15. Publications: 

Up to 1975-76 

Baker, J. 1973. 
in Alberta. 

Nitrogen fractionation of two forest soils 
Inf. Rept. NOR-X-63. 

Baker, J. 1975. Soil Nitrogen disposition in two Alberta 
forest soils during the second season after fertilization. 
File Rept. 

1975-76 

Baker, J. 1975. Effects of fertilization on phosphorus status 
of two forest soils. File report 1975. 

16. Signatures: 

# igator Program Manager 

Director G. T. Silver 



NOR-4-122 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 24, 1976 

1. Project: Improved growth and yield of managed stands. 

2. Title: Fertilization of established lodgepole pine stands. 

3. New: Cont.: X 4. No.: NOR-4-122 

5. Study Leader: W.D. Johnstone 

6. Key Words: Pinus contorta, B.19a, tree nutrition, nutrient 
deficiencies, nitrogen, phosphorus, sulphur. 

7. Location of Work: Hinton, Alberta 

8. Problem: 

Considerable interest is being expressed by forest management agencies 
in the use of fertilization as a means of increasing productivity, 
particularly in view of the successful commmercial applications 
by the Scandinavians. No published information is presently 
available in Alberta to indicate the levels of fertilization which 
will maximize lodgepole pine growth over a range of site and age 
classes. In order to develop a general prediction relationship 
between fertilizer input and response, a study was initiated on 
two soil types and in two age classes (30 and 70 years) in 'normal' 
density pine stands in the Hinton area. The experimental design 
chosen was a "central composite rotatable second order" design 
expanded to include a conventional 23 complete factorial. Twenty
four treatment combinations were applied in each of three blocks 
in each age-soil type~amounting to a total of 288 treatment plots. 
The fertilizers applied were combinations of the following levels 
of nitrogen, phosphorus and sulphur specifically required by the 
response surface design used in the study. 

Coded Elemental 1b/ac applied 
level N P S 

-1.68 0 0 0 
-1.00 68 34 20.4 

0 168 84 50.4 
1.00 268 134 80.4 
1.68 336 168 100.8 

V' 
..,(' 
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Prior to treatment soil and foliar samples were collected from each 
area by Mr. W.O. Holland, samples of the current year's foliage were 
collected in each plot, and a complete dbh tally was taken in each plot. 
The fertilizers were applied before the growing season in 1972 and 
samples of the current year's foliage were collected after the 1972 and 
1973 growing seasons. Greenhouse fertilization trials were initiated 
in 1975 to provide data to examine the characteristics and best analytical 
methods for the response surface design used in the field experiments. 

9. Study Objectives 

1. To predict the combination of levels of nitrogen, phosphorus, and 
sulphur fertilization that optimizes the growth response of 
lodgepole pine on each of a range of site types and age classes 
in the lower foothills region of Alberta, by means of estimating 
"a response surface". 

2. To examine the possibility of using either foliar content or soil 
characteristics, or a combination of both as a diagnostic tool for 
fertilization. 

10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1970 
Estimated year of completion: 1980 Revised: 1985 
Estimated total Prof. man-years required: 2.1 
Essential new major equipment items for 1976-77 with costs: 
Essential new major equipment items beyond 1977 with costs: 
1976-77 man-years Prof. 0.2 

SUppa 0.2 
Casual 
Total 0.4 

11. Progress to Date: 

Nil 
Nil 

1970 - Plot centres located in field, and soil and foliage samples taken 
and analyzed by Mr. W.O. Holland. 

1971 - Plot boundaries located, tree dbh's tallied for all trees, and 
height-diameter data measured. 

Pre-treatment foliage collected and analyzed. 

1972 - Fertilizers applied before 1972 growing season. 

First post-treatment foliage samples collected and analyzed. 

1973 - Second post-treatment foliage samples collected and analyzed. 
Study Establishment Report completed. 

1974 - Computer program to analyze study design developed in cooperation 
with CASD. 
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12. Goals for 1975-76: 

1. Completion of greenhouse fertilization study, analysis of 
results and reporting if appropriate. 

2. Comprehensive examination of field plots to decide whether 
or not to commence final measurement of study in 1976-77. 

3. Prepare Study Progress report. 

4. Initiate new greenhouse fertilization experiment using 
complete factorial design. 

13. Accomplishments in 1975-76: 

1. First greenhouse fertilization study based upon the response 
surface design was completed and the results of this study 
were analyzed by CASD. The results of this greenhouse trial 
did not warrant reporting. 

2. Increment-core samples were taken on a large number of the 
field plots. Examination of these cores revealed little 
evidence of a pronounced response to fertilization. The 
final measurement of this study will be based upon stem 
analysis (destructive sampling) and therefore it will be 
possible to reconstruct what has happened in the past. 
Because destructive sampling will be used and to ensure 
that the final measurement is not conducted prematurely, it 
was decided to postpone the final measurement of these plots 
which was originally scheduled for the fall of 1976 and the 
spring of 1977. 

3. Study Progress report was prepared. 

4. A second greenhouse fertilization experiment using a complete 
factorial design expanded to include the response surface 
design was initiated. 

14. Goals for 1976-77: 

1. Completion of second greenhouse fertilization experiment, 
analysis of results and reporting if appropriate. 

15. Publications 

Up 1:0 1975-76 

Johnstone, W.D. 1974. Fertilization of established lodgepole 
pine stands. Study establishment report. Unpub1. file 
report. 23 ms pp. 

1975-76 

Nil 
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16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 



NOR-4-l63 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 24, 1976 

1. Project: Improved growth and Yield of Managed Stands. 

2. Title: Assessment of regeneration stocking standards in Alberta 

3. New: X Cont. : 4. No.: NOR-4-l63 

5. Study Leader: I.E. Bella. Co-operating agency: Alberta Forest Service 

6. Key Words: Minimum stocking and site, post logging treatment, Pinus 
aontorta var. latifolia, P. banksiana, Piaea glauaa, 
P. mariana. 

7. Location of Work: Alberta 

8. Problem: 

As harvesting of the forest resource increases in Alberta, it becomes 
necessary - particularly after clear-cutting - to make special 
efforts to ensure the perpetuation of forest tree cover for sustained 
wood fibre yields and other benefits. The Alberta Forest Service 
has to ascertain that cut-over areas are adequately restocked by 
appropriate tree species within a reasonable length of time. 

To define "adequate stocking" is not easy, as any relevant information 
we now have comes from old growth stands that originated after wild 
fires and usually developed from dense regeneration into dense 
stands, with high suppression mortality throughout their life. Such 
stands at harvest on the average, may contain 500 to 1,000 trees 
per acre. This means that over 95% of the original trees could have 
succumbed to mortality during the life of the stand. 

The second growth stands that follow clear-cutting will develop 
through a very different route. Initial density of regeneration is 
generally much lower, mortality is less dramatic during stand 
development, but final number of trees at harvest (and also yield) 
may not differ greatly from stands grown in a dense regime. 
However, below a certain level of stocking, the trees could not 
fully utilize the site and thus wood fibre yield would decline. 



2 

The minimum adequate stocking that would achieve full utilization of 
the site by trees at a given time would depend on, and vary with, 
site conditions, species characteristics and also with anticipated 
use of the tree crop, utilization standards and logging practices. 
The effects of site and species characteristics are relatively 
permanent and predictable; whereas factors relating to utilization 
continually change with time and are less predictable. Therefore 
in evaluating regeneration success on a parcel of land, the effect 
of site and the characteristics of the tree species that constitute 
the stocking should be given prime consideration. 

Benefit Expected: 

Information on adequate minimum stocking of regeneration is needed 
by forest managers to evaluate regeneration success and in decisions 
whether planting and/or other treatment should be applied to restock 
a given area. Wrong decisions can mean waste of funds, or a sub
stantial reduction of yield at harvest. 

Probability of Success: 

Probability of success for obtaining useful information is good, 
even if it has to be based, in part, on a review and synthesis of 
already published data to provide some quick, practical answers. 
Subsequent studies may refine these answers. 

Probability of Practical Application of Results: is very good, 
as the A.F.S. needs and requested this information. 

Method Outline: 

1. Define the minimum number of trees per unit area that are 
required for complete occupation of the site half way through 
the rotation (age 40) for the four study species using 
information gathered from published and unpublished sources 
and from field sampling. 

2. From the above minimum density at 40 years, derive minimum 
density at age 10, confirming this with tree growth information 
from thinning and spacing studies, and data collected from 
individual trees growing in relatively open stands. Also 
define possible sources and magnitude of mortality and 
consider its effect when estimating minimum density at 10 years 
of age. 

3. Conduct a sampling survey to develop relationships between 
density (in number of trees) and stocking percent for each 
study species and condition classes so that stocking percent can 
be tied to stand development (usually expressed in number of trees). 
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9. Study Objective: 

To provide information needed by forest managers for efficient 
management of second growth stands, on the minimum level of 
regeneration stocking required at 10 years after logging in 
IP, jP, wS and bS stands on different sites so as to ensure 
complete utilization of the site at least halfway through rotation 
(i.e., by 40 years) and to ensure a reasonably high merchantable 
wood production. 

10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1975 
Estimated year of completion: 1977 
Estimated total Prof. man-years required: 0.8 
Essential new major equipment items for 1976-77 with costs: 
Essential new major equipment items beyond 1977 with costs: 
1976-77 man-years Prof. .8 (I.E. Bella) 

Supp. .8 (J.P. DeFranceschi) 
Casual ~ (summer student) 

1.9 

11. Progress to Date: 

In discussions with A.F.S. personnel the problem has been defined 
and a tentative plan of attack developed. The A.F.S. is to 

Nil 
Nil 

provide technical assistance in field work, as well as in selecting 
sampling areas for the study. 

12. Goals for 1975-76: 

1. In co-operation with the A.F.S. choose specific locations to 
study regeneration density and stocking of IP and wS on cutovers 
close to 10 years old. Allocate sampling to the more important· 
CLI (site) productivity classes present on scarified or on 
unscarified areas: 

- design and conduct sampling necessary to develop density 
(NT) over stocking (percent from mil-acre quadrats) 
relations; 

- test for differences between groups and combine groups 
as warranted; 

- interpret these results in practical terms. 

2. Try to define minimum density (in NT/unit area) for full site 
occupancy by CLI classes for lP and wS (published information 
from old growth stands) that would ensure acceptable yield at 
harvest. 

3. Collect information on tree growth under open stand conditions 
«1) from spacing studies, (2) from W. Johnstone's sampling of 
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young stands (3) from thinning studies and (4) from single tree 
examinations in stands over 25 years). More important variables 
would be: age, site (good, average, poor; or CLI classes) and 
elevation for IP. 

4. Define the amount, and if possible the causes of mortality 
(insect, disease, wind, snow, sleet, wildlife) in relatively open 
stands up to age 40 years, and assess their relative importance. 

5. Using the above growth information (under 3) estimate average 
tree size for different site classes at age 40, assuming maximum 
potential (open) growth rate to that age. 

6. From average dbh and crown dimension, estimate number of trees 
per acre needed at age 40 for three distinct crown cover classes, 
using appropriate CW/D relationships based on open grown trees. 
Increase this number in proportion to expected mortality to 
estimate minimum number of trees per acre needed at age 10 to 
ensure the above crown cover at 40 years. 

7. Interpret the results of these analyses and make recommendations on 
minimum stocking standards for IP and wS. 

13. Accomplishments 1975-76: 

1. Sampling areas were chosen to study regeneration density and stocking 
of Ip and wS on cutovers approximately 10 years old. A range of site 
and two main treatment (scarified, unscarified) conditions were 
sampled. The analysis of this data is now at the final stage. 

2. Defining minimum density (in NT/unit area) for full site occupancy 
by CLI classes for lp AND wS, that would ensure acceptable yield 
at harvest, from published information based on old growth stands 
turned out to be impractical. However, similar information has 
been put together by site quality classes. 

3. Stem growth and crown width information was collected from lP and 
wS (total number 75) trees growing under open conditions in a variety 
of sites, between ages 25 to 50 years. From these data, appropriate 
growth regressions were developed. 

4. From a brief review of literature and observations in the field, 
factors of mortality and their relative importance, were assessed 
in relatively open stands up to age 40 years. 

5. Using growth regressions described above (#3) average maximum tree 
size (dbh and crown width) was estimated for different site classes 
at age 40 years. 

6. From average maximum tree size, the number of trees needed at 
age 40 for selected crown closure classes were estimated. From 
this, number of trees per acre and stocking % needed at age 10 are 
being worked out by making allowance for mortality between ages 
10 to 40 years. 
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7. Interpretation of these results are in progress. 

14. Goals for 1976-77: 

15. 

16. 

1. Evaluate the relation between quadrat size and assessed 
seedling pattern (random, regular or clumped) under conditions 
sampled and after a burn (J. Soos's data), and based on this 
and other relevant data, make recommendations on desirable 
quadrat size. 

2. If the analyses show some weaknesses in the data, conduct 
further sampling in appropriate lP and wS stands. 

3. Complete the analysis of the 1P and wS data and write report. 

4. Provide advice, as requested, to Provincial forestry services 
in Manitoba and Saskatchewan on problems relating to their 
regeneration standards and survey procedures. 

Publications: 

Up to 1975-76 

Nil 

1975-76 

Nil 

Sisnatures: 

Program Manager 

Director G. T. Silver 



NOR-4-164 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: Feb~uary 24, 1976 

1. Project: Improved growth and yield of managed stands. 

2. Title: Juvenile growth rates for pine and spruce in Alberta. 

3. New: Cont.: X 4. No.: NOR-4-l64 (Formerly - 985) 

5. Study Leader: W.D. Johnstone. Co-operating agency - Alberta Forest Service 

6. Key Words: Picea mariana, Pieea gZauca, Pinus contorta, rotation age, 
allowable annual cut, regeneration ingress. 

7. Location of Work: Alberta 

8. Problem: 

Nature of Study: 

This study was initiated in response to a direct and specific request 
made by the Alberta Forest Service. A reliable estimate of 
juvenile growth rates (i.e., of regeneration) is required for 
judicious regulation of cut layout (i.e., removal of residual blocks) 
and cutting cycle (i.e., determination of rotation age and allowable 
annual cut). Present growth and yield work has generally been 
limited to natural stands older than 20 years of age. Consequently, 
we know little about the growth of our native commercial tree species 
from establishment to age 20, which is perhaps the most critical from 
a forest management point of view. 

Benefits Expected: 

Information obtained in this study will assist the forest manager 
in assessing cut layout regulations (1. e., the so-called "6-8 foot" 
rule) and in determining rotation age and allowable annual cut. 

Probability of Success: 

The probability of obtaining useful information is excellent. 
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Probability of Practical Application of Results: 

The chances that the results will be applied in a positive manner 
are very good. 

Methods Used: 

This study was conducted mainly in the Hinton area although some 
samples were collected in the Peace River Forest. At each cut-over 
location four groups of concentric sample plots were systematically 
located. Each plot group consisted of a 1/400-acre circular plot 
within a l/lOO-acre circular plot. The 4 tallest trees in each 
l/lOO-acre plot were cut at ground level and discs were collected 
at ground level, 1 ft, 2.5 ft, 4.5 ft, 6 ft, and at 2-ft intervals 
thereafter to the top of the tree. Each disc was labelled and 
taken to the lab. for aging. The total height of all of the trees 
within the 1/400-acre plot was measured. In the ingress plots all 
trees within the 1/400-acre plots were cut at ground level where a 
disc was collected for aging. All discs were aged in the lab. 
under a microscope. 

9. Study Objectives: 

To determine the juvenile growth rates for pine and spruce in Alberta. 

10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1976 
c. Estimated total Prof. man-years req'd: 0.2 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-year Prof. 0.2 

11. Progress to Date: 

Supp. 0.2 
Casual 0.0 
Total 0.4 

Height-growth measurements were taken on over 600 trees on 190 
sample plots from 55 locations. In addition, seedling ingress 
was determined on 132 of these plots in 33 locations. These data 
have been coded and key-punched, and analysis has been initiated. 

12. Goals for 1975-76: 

1. To develop study methodology. 
2. To complete sampling and measurements. 
3. To analyze and report results. 
4. Determine the rate of seedling ingress following logging. 
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13. Accomplishments 1975-76: 

1. Study methodology was developed. 
2. Sampling and measurements completed. 
3. Analysis initiated but not yet completed and therefore 

report not prepared. 
4. Seedling ingress measured and analysis initiated. 

14. Goals for 1976-77: 

1. Complete analysis and report results. 
2. Terminate study. 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Nil 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 
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NOR-4-165 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 24, 1976 

1. Project: Improved growth and yield of managed stands. 

2. Title: Survival and growth after logging of alpine fir, black 
and white spruce residuals and advance growth. 

3. New: Cont.: X 4. No.: NOR-4-165 (Formerly - 986) 

5. Study Leader: W.D. Johnstone. Co-operating agency - Alberta Forest Service 

6. Key Words: Abies lasioaarpa, Piaea glauaa, Piaea mariana, stocking 
standards, logging residuals, post-logging release. 

7. Location of Work: Alberta 

8. Problem: 

~ature of Study: 

This study was initiated in response to a direct and specific request 
made by the Alberta Forest Service. This is principally a study to 
determine the quality and growth of both advance growth (i.e., young 
understory trees) and logging residuals (i.e., old unmerchantable 
trees) in order to evaluate their potential contribution to second
growth stands. 

Benefits Expected: 

The information obtained in this study will be used by the A.F.S. to 
evaluate the advisability of including advance growth and/or logging 
residuals in the reforestation stocking standards. This is an 
immediate problem which requires a quick answer. 

Probability of Success: 

The probability of obtaining valuable information of immediate use to 
the A.F.S. is excellent. 
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Probability of Practical Application of Results: 

The results forth-coming will be put to an immediate practical 
application. 

Methods Used: 

The same sampling system used to measure regeneration in Study 
NOR-4-l64 was used to sample advanced growth in this study. 
Discs were collected from advanced growth at ground level, 1.0 ft, 
2.5 ft, 4.5 ft, 6 ft, and at 2-ft intervals thereafter to the top 
of the stem. Logging residuals were cut at ground level and 
discs were collected at ground level, 1.0 ft, 4.5 ft, 8 ft, and 
at 8-ft intervals thereafter to the top. All disc measurements 
were conducted in the lab. under a microscope. Discs from the 
residuals were used for full stem analyses and radial growth for 
equal time periods before and after logging were measured. 

9. Study Objectives: 

To determine the quality and growth, after logging, of alpine fir, 
black and white spruce advance growth. 

10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1976 
c. Estimated total Prof. man-years req'd: 0.2 
d. Essential new major .equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: 
f. 1976-77 man-years Prof. 0.2 

Supp. 0.2 
Casual 
Total 0.4 

11. Progress to Date: 

Height-growth measurements were obtained from 350 advanced growth 
trees on 118 sample plots from 44 locations. Complete stem 
analysis was conducted on 61 logging residuals from 25 sample 
plots in 8 locations. These data have been coded, key-punched, 
and analysis has been initiated. 

12. Goals for 1975-76: 

1. To develop study methodology. 
2. To complete sampling measurements. 
3. To analyze and report results. 

Nil 
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13. Accomplishments in 1975-76: 

1. Study methodology was developed. 
2. Sampling and measurements completed. 
3. Analysis initiated but not yet completed and therefore report 

not yet prepared. 

14. Goals for 1976-77: 

1. Complete analysis and report results. 
2. Terminate study. 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Nil 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 
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PROJECT - 5 

Reduction of losses by improved fire suppression methods 
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NOR-S-037 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 26, 1976 

1. Project: Reduction of losses by improved fire suppression methods. 

2. Title: Fire retardant and airtanker evaluations and application. 

3. New: Cont. X 4. No.: NOR-S-037 

S. Study Leader: R. G. Newstead 

6. Key Words: airtankers, he1itankers, retardants, aerial suppression, 
airtanker accuracy, effectiveness, drop patterns, static 
testing tank and gating systems, simulation models, 
wildfires. 

7. Location of Work: Throughout region. 

8. Problem: 

This operational research study is oriented towards the immediate 
needs and requests of client agencies, namely Provincial and 
Territorial Forest Services. The intent is to improve aerial 
suppression methods by optimizing the use and effectiveness of 
available airtankers, helitankers and retardants. Results from this 
study complement those of NOR 128, 131 and 130. Benefits accruing 
will include reductions in fire suppression costs, and areas burned 
as well as limiting damage to the forest resource by enhancing 
operational effectiveness in the control of wildfires by fire 
control agencies. 

Through continuous cooperative effort and liaison with client 
agencies the probability of application of study results will be 
high in the long run, although technological and financial 
considerations may somewhat affect the degree of utilization in the 
short run. 
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Results from this study will see almost immediate use because they 
will be aligned with present client policies, needs and objectives. 
Past experience supports this assessment. 

Methods: 

The methods associated with this study involve the use of a wide 
variety of fixed and rotary-wing airtankers normally employed in 
fire suppression operations within the region. Similarly there 
are a variety of fire retardants, both long-term and short-term 
which form an integral part of this study. Retardant drop pattern 
tests, airtanker effectiveness evaluations, and fire retardant 
mixing, quality control and effectiveness investigations all 
involve closely integrated field laboratory study procedures. Air 
drop grids are established and calibrated to determine drop patterns 
under controlled conditions and often involve the preparation and 
supervision of contractual arrangements. Airtanker and helicopter 
retardant delivery systems are evaluated under controlled test 
conditions on the air drop grid and on wildfire operations. 
Retardant mixing and application criteria are observed and evaluated 
in the combustion laboratory and during field operations for both 
existing and new retardant products. Much related data is 
accumulated and disseminated through cooperation with other fire 
operations and research agencies and through communication with 
client agencies. 

9. Study Objectives: 

1. To measure and evaluate the drop characteristics of various 
airtanker/fire retardant combinations, including he1itankers. 

2. To evaluate fire retardants and determine the optimum application 
required to slow and/or stop fires burning in different fuels 
under varying burning conditions. 

3. To observe and evaluate the effectiveness of airtankers and 
he1itankers using retardants during fire suppression operations. 

4. To evaluate new retardant mixing systems and their role on 
wildfire operations. 

5. To analyse and disseminate information to optimize resource 
use including technical assistance, consultation and training 
to fire management agencies. 
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10. Resources: 

a. Starting date: 1968 
b. Estimated year of completion: 1978 Revised: 1980 
c. Estimated total Prof. man-years required: 4.0 
d. 
e. 

Essential new major equipment items for 1976-77 with costs: 
Essential new major equipment items beyond 1977 with costs: 

Nil 
Nil 

f. 1976-77 man-years Prof. 1.0 (Newstead) 
Supp. 1.0 (Lieskovsky) 
Casual 0.3 
Total 2.3 

11. Progress to Date: 

Within the study the use of fire retardants, long-term in particular, 
has been promoted to regional fire control agencies and, due in 
part to that liaison development and service activity ~ fire retardants 
are now in common use with concomitant improvement in air drop 
effectiveness. 

Air drop patterns have been delineated for most air tankers and 
helitankers in use in the region in aid of improved aerial suppression 
throughout the region. Portable ground mixing units and retardant 
mixing systems within aircraft have been developed and are being 
utilized to good effect by fire control agencies. Work continues in 
assessing new retardants and mixing systems. 

Aerial fire suppression research has evolved into a twa-pronged 
approach within the Northern region. The first involves on-site 
evaluation of fire retardants and air tanker effectiveness on 
wildfires. The second is concerned with simulation of this theme, 
using parameters determined through static testing of tank and 
gating characteristics and utilization of available retardant 
delivery and fuel related models. 

Airtanker accuracy has been investigated under simulated bombing 
conditions, however results achieved suggested that economically 
constrained sampling methods used were inadequate and statistically 
unreliable. Numerous variables within the experiment could not be 
accounted for in the analysis of results. 

Studies of mixing and storage of long-term fire retardants in 
Alberta have demonstrated that continuous quality control in the 
preparation and storage of these commercial products is of utmost 
importance in maintaining their viability during relatively short 
and uncertain periods of demand. 

A preliminary draft of specifications for long-term fire retardants 
remains subject to continuing revision in order to incorporate 
user suggestions, up-dated technical information and potential 
corrosive and environmental damage. 
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12. Goals for 1975-76: 

1. Assess on-site and/or simulated effectiveness of airtanker/ 
retardant combinations through contract, Alberta Forest 
Service cooperation, and NFRC resources. 

2. Provide technical assistance to the Alberta Forest Service in 
the following investigations: 

1. Performance evaluation of the Alberta Forest Service 
300-ga110n Monsoon bucket. 

2. Evaluation of the Alberta Forest Service in-line powdered 
retardant eductor at permanent airtanker bases. 

3. Provide consultation to Department of Northern Saskatchewan, 
Manitoba Department of Mines, Resources and Environmental 
Management, and Northwest Lands and Forest Service; determine 
their needs for technical services and research, and incorporate 
in future NFRC research plans. 

4. Construct a fire retardant spray apparatus for the Fire Labora
tory for testing required application levels of fire retardants 
on different fuels under various burning conditions. 

5. Continue enrollment of study leader in U. of A. graduate 
studies. 

6. Prepare publications on: 

Grige1, J. E., R. G. Newstead and R. J. Lieskovsky. A review 
of airtanker retardant delivery systems. 

Newstead, R. G. and R. J. Lieskovsky. Pilot accuracy trials 
in Alberta and Saskatchewan. 

7. Participation in regional training sessions where and when 
requested. 

8. Static testing of airtanker, tank and gating (retardant 
delivery) systems. 

9. Preliminary evaluation of a new fire retardant (Phos-Chek XB) 
marketed by Monsanto Canada Ltd., Abbotsford, B.C. 
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10. Preliminary screening of a water thickening compound submitted 
by C.I.L. (Canadian Industries Limited) as a potential 
short-term retardant. 

11. Development and testing of helicopter incendiary launcher 
(Alberta Forest Service). 

12. Development a. a retardant airtanker evaluation of five 
airtankers for A.F.S. Provincial Air Caucus meeting. 

13. Accomplishments in 1975-76 

1. Due to the lack of fire activity in Alberta the on-site 
effectiveness of airtanker/retardant combinations could 
not be carried out. An evaluation was carried out on 10 
going fires in the Northwest Territories and on 3 fires in 
the Dryden, Ontario region through the co-operation of the 
respective forest protection agencies. Preliminary file 
reports have been prepared on this subject material. Further
more, in cooperation with the Alberta Forest Service, the 
N.F.R.C. contracted with C.E. Hardy to develop on-site 
effectiveness ground and air evaluation forms for airtankers. 
In addition, remaining necessary data was collected on the 
crown characteristics of the major forest fuel types in Alberta. 
The latter information is to be used to determine retardant 
interception and penetration indices according to varying 
fuel type classes. The airtanker ground and air evaluation 
forms are presently being revised for simplicity after field 
testing. A report is due from Mr. Hardy in February 1976 on 
retardant interception in various fuel classes in 
Alberta. 

2. Provided technical assistance to the Alberta Forest Service 
in the following investigations: 

1. Pending the possibility of Static Testing of Helitanker 
buckets it was jointly agreed that the performance 
evaluation of the A.F.S. Monsoon bucket be deferred until 
such time. 

2. Re-scheduled to 1976 because of low fire incidence in 
areas where the eductor mixer bases are located 
(Calgary and Lethbridge). 
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3. Provided consultation to the following agencies: 

1. North West Lands & Forest Service - evaluated Phos-Chek XA 
thickener problems in over-wintering of retardant, plus 
operational problems in salt and thickener measurements. 
Explained to field personnel the PBY-5A Canso injection 
system with regard to inspection and maintenance of 
operational mixing system on board the aircraft. 

2. Summary to a request by D.M. Taylor, Supervisor of Fire 
Control, Department of Northern Saskatchewan, for information 
concerning several facets of the Fire-trol 931 liquid 
concentrate (retardant) blending and thickening system, 
the study leader spent one week in Dryden, Ontario 
reviewing this unique facility. Several cases of application 
of this retardant were also viewed under actual field 
conditions. Unfortunately Mr. Taylor was unable to partici
pate in this proposed joint visitation because of a 
simultaneous outbreak of fires in northern Saskatchewan. 
Fire research officer E. Stechishen from the FFRI was 
also in attendance. A file report has been prepared on 
the content of this visitation. 

4. Construction of a fire retardant spray apparatus was postponed 
in 1975 due to adjustment in technical assistance priority 
re - P. Bihuniak - fabrication of static testing components. 
Construction of spray apparatus now underway. 

5. U. of A studies continuing; courses to be completed by summer 
of 1976. 

6. Publications completed: 

Grige1 J. E., Newstead R. G. and Lieskovsky R. L. 1975. A 
review of retardant delivery systems used in 
fixed-wing airtankers. Can. For. Serv., Dep. 
Environ. Inf. Rep. NOR-X-134. 

Newstead, R. G. and Lieskovsky, R. J. 1975. Determining airtanker 
accuracy or How to Make Nobody Happy. For. Rep. 
Vol. 4, No.4. 

Hardy, C. E. (contract report) 1975. Operational assessment 
of the effectiveness of aerially applied fire 
retardants under wildfire operations (Report on 
file - copy submitted to co-operative contractor 
A. F. S.). 
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7. Participated in the following training sessions: 

- Airspray (67) Ltd. Airtanker & Bird Dog Training School, 
Red Deer, Alberta. (Lieskovsky) 

Monsanto Canada Ltd. Phos-Chek XB mixing and aerial 
application demonstration, Calgary, Alberta. (Lieskovsky) 

- Production Controlled Burning Workshop. Wildfire Consultants 
and Monsanto Canada Ltd., Hinton, Alberta. (Lieskovsky) 

- Alberta Forest Service Training School, Hinton. Experimental 
Burn using helicopter incendiary launcher. (Lieskovsky) 

- Seminar in Abbotsford, B.C. on Monsanto's manufacturing 
process of retardants being marketed in Canada plus mixing 
equipment used. (Lieskovsky) 

- Symposium on Fire Retardants and their Uses, sponsored by 
Monsanto Canada Ltd., Abbotsford, B.C. (Newstead & Lieskovsky) 

- Attended and completed Canadian Committee on Forest Fire 
Control sponsored, Instructor Training Course, Ottawa. 
(Lieskovsky) 

8. Static tested two different B-26 tank configurations using 
available Northern Forest Fire Lab. Missoula, and Honeywell 
Corp. simulatio~ modelling techniques. Alberta Forest Service 
rented the O'scilloscope and N.F.R.C. constructed the 
monitoring and calibration equipment necessary for the testing 
(pressure sensitive transducer, door-opening gauges, and flow 
rate measuring equipment). Data is on file and will be 
processed in 1976 through the co-operation of the Northern Forest 
Fire Lab, U.S. Forest Service, Missoula, Montana. Results 
were of immediate assistance to airtanker owner re: most 
"efficient tanking designs and will be of longer term value to 
forest services establishing airtanker efficiency standards for 
contracting purposes. 

9. Co-operated with Alberta Forest Service in preliminary 
evaluation of Phos-Chek XB long-term fire retardant. Problems 
were encountered in the mixing of the new retardant. (Preliminary 
report on file). 
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10. Screened new short term fire retardant submitted by C.I.L. 

11. 

Results verbally passed on to C.I.L. representative re: 
N.F.R.C.1ab tests. Further testing suggested in field 
pending compant's willingness to enter the fire retardant 
field. 

Assisted Alberta Forest Service in 
of Helicopter Incendiary Launcher. 
Resources Project Report CM-75-2. 

development and 
Alberta Energy 

(Lieskovsky) 

testing 
and Natural 

12. Assisted Alberta Forest Service in developing a retardant 
air tanker evaluation of five airtankers using N.F.R.C. drop 
patterns, accuracy data, U.S. drop test results for input to 
a Provincial Air Caucus committee meeting and future A.F.S. 
airtanker studies. 

14. Goals for 1976-77: 

1. Continue to assess on-site effectiveness through experimentation 
and on-site evaluation through the co-operation of the Alberta 
Forest Service, North West Lands & Forest Service and other 
agencies as well as N.F.R.C. resources. 

2. Provide technical assistance to regional government and 
industrial agencies. Specifically: 

1. Evaluation of the Alberta Forest Service in-line powdered' 
retardant mixer re: mixing capabilities, advantages and 
disadvantages over an alternate eductor mixer. 

2. Further evaluation of Monsanto Canada Ltd. new long-term 
retardant Phos-Chek XB regarding ability to meet certain 
retardant specifications mainly, salt content, viscosity, 
storage and efficient mixing. 

3. Preliminary screening of a new long-term liquid retardant 
submitted by ERCO Industries Ltd., Toronto, Ontario. 
MainlYJ to compare through laboratory testing various 
properties of this new retardant with other long-term 
retardants presently on the market. 

4. Evaluation of the new Fire-trol 931 liquid concentrate 
(retardant) blending and thickening system in the Slave 
Lake forest region. 

5. Training and consultation as requested. 
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3. Lead further investigation towards an improved understanding 
of airtanker delivery systems through static testing. As in 
the past this type of undertaking is costly and cannot be 
continued without the full moral and financial support of 
both the co-operating agency and the owner-operat~rs of the 
airtankers. Financial support by the Alberta ForeSt Service 
and Airspray (1967) Ltd. is anticipated with regard to the 
rental of a recording oscilloscope, aircraft fuel supplies plus 
pilot and engineer participation if N.F.R.C. resources are 
not available. 

4. Evaluate by way of simulation modelling C.E. Hardy's contract 
report on the relationship between fuel type classification, 
retardant penetration characteristics and tank and gating 
systems. 

5. Study leader to complete course work at U. of A - masters 
program. Masters thesis will consider the development of a 
simple resource allocation model for use with initial attack 
airtankers under various demand criteria in Alberta. 

6. Complete construction of Fire Lab retardant spray apparatus. 

7. Time and opportunity permitting appraise the effectiveness 
of various fire retardants and monitoring techniques on 
prescribed burns in the Slave Lake Forest region. 

8. No publications foreseen in 1976-77. 

15. Publications: 

Up to 1975-76 

Crigel, J. E. 1969. Preliminary evaluation of TX-350 - A new 
long-term retardant. For. Br., Dep. Fish. For. 
Internal Rep. A-20. 

Crigel, J. E. 1969. Evaluation of the nitrogen injection system 
of mixing Celgard fire retardant in the PBY Canso water 
bomber. For. Br., Dep. Fish. For. Internal Rep. A-21. 

Crigel, J. E. 1969. An injector system for mixing Celgard 
fire retardant on land based airtanker operations. For. 
Br., Dep. Fish. For. Internal Rep. A-22. 
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Grige1, J. E. 1970. 
in Canada. 
Rep. A-33. 

The use of airtankers for fire suppression 
Can. For. Serv., Dep. Fish. For. Internal 

Grige1, J. E. 1970. Fire retardants and their use in Western 
Canada. Can. For. Serv., Dep. Fish. For. Inf. Rep. A-X-3S. 

Lieskovsky, R. J. 1971. Drop pattern for Twin Otter Membrane Tank 
system. Can. For. Serv., Dep. Environ. Internal 
Rep. NOR-2. 

Grige1, J. E. 1971. Air drop tests with Fire-Tro1 100 and Phos-Chek 
205 fire retardants. Can. For. Serv., Dep. Environ. 
Inf. Rep. NOR-X-S. 

Grige1, J. E. and Lieskovsky, R. J. 1972. A comparison of the B-26 
and Thrush Commander airtankers. Can. For. Serv., Dep. 
Environ. Inf. Rep. NOR-X-17. (Replaces unpublished 
Internal Rep. NOR-6). 

Bradford, Samuel A. 1973. Corrosion of metals in fire retardants. 
Can. For. Serv., Dep. Environ. Inf. Rep. NOR-X-66. 

Lieskovsky, R. J., Kruger, R., and Newstead, R. G. 1974. Problems 
in mixing and storage of long-term retardants in Alberta. 
Can. For. Serv., Dep. Environ. Inf. Rep. NOR-X-94. 
(Replaces File Rep. NOR-Y-68). 

Grige1, J. E., Lieskovsky, R. J. and Newstead, R. G. 1974. Air 
drop tests with he1itankers. Can. For. Serv., Dep. 
Environ. Inf. Rep. NOR-X-77. 

Grige1, J. E. 1974. Role of the he1itanker in forest fire control. 
Can. For. Serv., Dep. Environ. Inf. Rep. NOR-X-123. 

1975-76 

Grige1, J. E., Newstead, R. G. and Lieskovsky, R. L. 1975. A review 
of retardant delivery systems used in fixed-wing airtankers. 
Can. For. Serv., Dep. Environ. Inf. Rep. NOR-X-134. 

In addition the following contributions have been prepared for: 

Forestry Report Vol. 1, No. 1 
- Short and long-term fire retaraants. 
- The B-26 airtanker. 
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Forestry Report Vol. 2, No.1 
- Portable helitanker retardant systems for the Yukon. 
- B-26 airtanker air drop tests with liquid concentrate. 
- PBY Canso air drop tests with Gelgard retardant. 

- Sikorsky S58T drop tests with Phos-Chek retardant. 
- Modification of chemical injection system in the PBY 

Canso airtanker. 
- Airtanker simulation model. 

Forestry Report Vol. 3, No. 1 
- Recent airtanker drop tests. 
- Quality control - a must. 

Forestry Report Vol. 4, No.4. 1975 
- Determining airtanker accuracy or How to make nobody 

happy. 

Hardy C.E. (contract report) 1975 
- Operational assessment of the effectiveness of aerially 

applied fire retardants under wildfire operations (file 
report plus copy submitted to co-operative contractor A.F.S.). 

16. Signatures: 

.. , 

Investigator 2C;fYI'76 Program Manager 

. 
~ 

Director G. T. Silver 



NOR-S-l28 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 26, 1976 

1. Project: Reduction of losses by improved fire suppression methods. 

2. Title: Assessment and development of fire1ine systems. 

3. New: Cont.: X 4. No.: NOR-S-128 • 
s. StudX Leader: D. Quinti1io 

6. KeX Words: fuel types, fire behaviour, bulldozers, airtankers, 
handcrews. 

7. Location of Work: Region wide 

8. Problem: 

The greatest percentage of the suppression budget is usually allocated 
to aircraft, bulldozers, and handcrews employed to build fire1ines. 
To maximize the effect of each suppression dollar by planning for 
optimum resource allocation, agencies require fundamental knowledge 
of production rates and effectiveness of the above techniques. To 
date little information exists describing line building capabilities 
of fire1ine systems, hence efficiency is much below acceptable levels. 
Along with assessing existing fire1ine systems the study will develop 
new techniques and concepts with modern capabilities. 

This work will create a data bank of productivity rates for existing 
and potential fire1ine systems, which will eventually be used for 
optimum allocation models. Preliminary information from this study 
and NOR 037 and NOR 131 has already been incorporated into an initial 
attack simulation model (NOR 130). 
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Methods: 

1. Ground attack systems 

Major fuel types are stratified according to resistance to 
control. 

A time and motion study has been designed to document producti
vity of bulldozers and hand crews. 

The use of explosives will be developed for fire1ine use and 
effectiveness, cost and productivity will be compared to 
handline work. 

2. Air attack systems 

Available drop patterns of airtankers and helicopters will 
be reviewed to determine fire1ine construction rates under 
ideal conditions. 

Wildfires will be assessed to determine deviation of fireline 
construction rates under operational conditions, i.e., drop 
accuracy, drop height and speed, actual load carried. 

An aerial ignition device for backfiring and burnout will be 
developed and tested utilizing methods pioneered in Australia. 

An aerial marking device for relocating reported fires by 
initial attack crews will be developed utilizing the low 
frequency transmitter principle of wildfire tracking systems. 

9. Study Objectives: 

1. To provide accurate productivity rates of bulldozers, handcrews, 
and airtankers for fire1ine building in regional fuel types. 

2. To promote and extend research results to client agencies as 
required. 

10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1972 
Estimated year of completion: 1978 
Estimated total Prof. man-years required: 3.5 
Essential new major equipment items for 1976-77 
Essential new major equipment items beyond 1977 
1976-77 man years Prof. 0.4 (Quintilio) 

Supp. 0.5 (Ponto) 
Casual 0.3 
Total 1.2 

with costs: 
with costs: 

Nil 
Nil 
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11. Progress to Date: 

The study was introduced to the Alberta Forest Service and cooperative 
guidelines were formed to facilitate the initial summer's work. 
A standardized format was prepared for the data collection pertaining 
to ground attack systems. This was reviewed by AFS field personnel 
and finalized for use during 1972. CFS personnel manned spring 
fires in the Whitecourt and Slave Lake Forest Districts and the 
format was improved based on field experience. Four hundred field 
forms were distributed to selected AFS districts for 1973 use. 

The bulldozer fireline assessment format was introduced to provincial 
agencies during the annual Fire Plans Course at Hinton, May 19, 1973. 
Two hundred forms were distributed to sector and cat boss personnel 
and a field exercise was conducted on the school forest. Fourteen 
fires were subsequently monitored by the Alberta Forest Service and 
data for 29 miles of fireline construction were received at NFRC. 

NFRC personnel collected data on wildfires in Alberta and NWT and 78 
miles of bulldozer and 5 miles of handline observation are documented. 

12. Goals for 1975-76: 

1. In cooperation with the Alberta Forest Service plan criteria 
for their continuation of the study once CFS results and reports 
are completed. 

2. Continue monitoring wildfires throughout the region as a means 
of building data banks for airtankers, bulldozers and handcrew 
productivity rates. 

3. Supervise handcrew contract with Professor P. J. Murphy, University 
of Alberta. 

4. Publish the following reports: 

Quintilio, D. 1975. Fire control application of bulldozers. 
Inf. Rep. 

Murphy, p. J. and D. Quintilio. 1975. Handcrew fireline 
production rates in Alberta fuel types. Inf. Rep. 

Added Goals: 

5. Visit 1975 fire sites in the Hay River and Ft. Simpson 
Districts, N.W.T. 

6. Provide consultation and fuel inventory design for proposed 
prescribed burns in lieu of goal 2. 
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7. Assist in aerial ignition of prescribed burns in lieu of 
goal 2. 

8. Provide a fire research display for KFES Information Centre. 

9. Contribute to the publication of Darwin Lake results. 

10. Present a review of the NFRC fire research program at the 
Bureau of Land Management Fall Seminar, Anchorage, Alaska. 

11. Provide FWI statistics and relate them to fire behavior and 
airtanker productivity for presentation to the Provincial 
Air Caucus Committee. 

13. Accomplishments in 1975-76: 

1. The study was formally reviewed with the Alberta Forest Service, 
Jan. 27,1976. A good supply of forms are available in the field 
offices and fire control staff will be advised through spring 
training sessions to collect production data where opportunities 
exist. The AFS would like the study to remain on CFS program for 
at least two more years, in the event of an active fire year 
(Alberta, Manitoba or Saskatchewan) since the groundwork is 
inplace for field assessment of fireline production. Transportation 
and accommodation will be provided on selected wildfires where 
data collection opportunities are optimum. 

2. No suitable fires in the region during 1975. 

3. Fire crews in three Alberta Forest Service Districts were 
utilized for simulated fireline construction in selected fuel 
types. Results will be summarized in contractors report. 

4. Reports in preparation. 

5. To assure local case histories were used in the annual CFS-AES 
Fire Behavior - Fire Meteorology Training Course, NWT, a visit 
was arranged to selected 1975 fire sites. These fires were 
documented and will be referred to in the 1976 Training Course. 
(15 hours of helicopter time provided by NWL & F). The logistics 
of supporting a fire suppression operation entirely by air 
(men, equipment and turbo fuel) were also reviewed for references 
to NOR 130. 
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6. Fuel inventory plots were established on proposed prescribed 
burn areas in the Peace River, Grande Prairie and Edson Forests. 
Pre-burn inventories were conducted by R. Ponto and a forest 
officer in each district was instructed in post-burn sampling 
techniques. Post-burn figures from Grande Prairie and Edson 
Forests were submitted to NFRC and fuel consumption, by diameter, 
class, was calculated and returned to the respective Fire Control 
Officer. 

7. Prescribed burns at Lac La Biche and Ft. St. John, involving 
aerial ignition were attended. 

8. A model fire lookout tower was constructed (Ponto) and the 
panoramic photo series of Pigeon Mt. (taken by Niederleitner 
and Ogilvie) were mounted on the inside, allowing the visitor 
to observe the 360 0 view from 2000' above KF.ES. 

9. A journal of events was prepared by Fahnestock and Quintilio 
to document all logistic, finance and liaison details of the 
Darwin Lake Project. Experimental burns were documented 
(Fahnestock - 2, Quintilio - 11) and a draft report was prepared 
by Fahnestock by November, 1975. The report was completed by 
Quintilio and submitted by Dube and Van Wagner for review in 
Jan., 1976. A second draft is now in preparation. 

10. A paper was prepared and presented by Kiil and Quintilio at 
the Bureau of Land Management Fall Seminar, Anchorage, Alaska. 
(See publications) All travel and per diem costs were assumed 
by the BLM. 

11. At the request of the Alberta Forest Service FWI statistics 
were examined to determine Initial Spread Index frequency, 
percent of days in five descriptions of hazard class, corresponding 
fire spread estimates for two fuel types. Fire perimeter, 
acreage and percent of lead fire perimeter were calculated for 
30, 60, 90 minutes after detection in each hazard class. This 
information was used to construct fire case histories for 
defending the Provincial Fire Bombing Plan at the upcoming 
Provincial Air Caucus Committee. 

14. Goals for 1976-77: 

1. Monitor selected wildfires throughout the region as a means of 
building data banks for airtanker, bulldozer and handcrew 
productivity rates. 
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2. Publish the following: 

Quinti1io, D. 1976. Fire control application of bulldozers. vi 
lnf. Rep. 

Murphy, P. J. and D. Quinti1io. 1976. Handcrew fireline ~ 
production rates in Alberta fuel types. lnf. Rep. 

Fahnestock, G. R., D. Quinti1io, C.E. Van Wagner and D. Dube. ~ 
1976. The Darwin Lake project, a cooperative study 
of fire behavior. lnf. Rep. 

15. Publications: 

Up to 1975-76 

Lait, G. R. and W. C. Taylor. 1973. Backfiring and burnout tech
niques used in the Yukon. Can. For. Serv., North. For. 
Res. Cent., Edmonton. Alberta. lnf. Rep. NOR-X-43. 

Ponto, R. L. and G. M. Lynch. 1973. Use of electronic markers to 
relocate small forest fires. Can. For. Serv., North. For. 
Res. Cent., Edmonton, Alberta. lnf. Rep. NOR-X-61. 

Ponto, R. L., D. Quinti1io, P. Bihuniak, and G. R. Lait. 1974. 
An incendiary priming and release mechanism for backfiring 
from aircraft. Can. For. Serv., North. For. Re~. Cen., 
Edmonton, Alberta. Inf. Rep. NOR-X-75. 

Dube, D. E. 1973. Fire control methods in the Black Spruce -
Labrador Tea - C1adonia fuel complex. North. For. Res. 
Cent., Edmonton, Alberta. File Report. 

Ponto, R. L. 1974. Electronic fire marker being tested in Canada. 
USDA Forest Serv., Fire Management 35(2):15. 

1975-76 

Kii1, A. D. and D. Quintilio. 1975. A resume of current forest 
fire research in Canada. File Report. 

16. Signatures: 

~~~~uL 
stiga r Program Manager 

Director G. T. Silver 
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NOR-5-130 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 26, 1976 

1. Project: Reduction of losses by improved fire suppression methods. 

2. Title: Initial attack strategy and resources in fire suppression 
operations. 

3. New: Cont.: X 4. No.: NOR-5-130 

5. Study Leader: D. Quintilio, D. Kiil 

6. Key Words: detection, fire behaviour, airtankers, simulation 
modelling, hand crews, helicopters. 

7. Location of Work: Northern Forest Research Centre. 

8. Problem: 

Fire control agencies serviced by the Northern Forest Research 
Laboratory in Edmonton spend between 10 and 15 millions of dollars 
annually on fire suppression. At least an equal amount is lost in 
the form of damage to various resources. In the past, fire control 
expenditures have been justified on the basis that fire damage must 
be reduced "at all cost". In the future, fire protection agencies 
will see greater competition for the fire control dollar. 

In the defence of future budget requests fire protection agencies 
must place a greater emphasis on planning, including resource 
valuation. Suppression strategy and allocation must then be geared 
more closely to existing resource values and fire behaviour to obtain 
maximum value of fire control dollar. The fire manager urgently 
requires guidelines specifically derived for the initial attack stage 
since benefits are maximized when the fire is controlled in its early 
growth stage. 

The Alberta Forest Service is cooperating in the development of an 
initial attack simulation model for Whitecourt Forest District. It 
is designed to provide a relative assessment of initial attack 
systems and if the model proves satisfactory it will be introduced 
as an operational decision-making aid. 



!':OR 037 
Aerial 
Systems 

NOR 128 
Ground 
Systems 

NOR 131 
Detection 
Systems 

NOR 086, 980 
Fuel Burning 
Indices and 
Fire Behaviour 
Prediction 
Systems 

Methods: 

- 2 -

NOR 130 
Operational 
Fire Suppression 
Systems 

Canadian 
Fire 
Weather 
Index 

Hazard Rating 
System 

To 
Clients 

To 
Clients 

- Review agency operations to delineate and define the problem, and 
to select a prototype forest district. 

- Construct a study team of Alberta Forest Service field personr-el, 
Alberta Forest Service headquarters personnel, Canadian Forestry 
Service personnel, and systems analyst consultant. 

- Conduct weekly meetings to determine the variables for a simulation 
model. 

- Sort and transfer 10-year fire and weather data to IBM-360 tape. 

- Compile line building capability of the initial attack systems. 

- Design flow chart for the initial attack model. 

- Programme and run the model. 

- Analyze results and present guidelines. 

I 'J .. 
...,. (.) 
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9. Study Objectives: 

1. To develop a simulation model for assessing initial attack 
systems over a range of burning conditions. 

2. To provide guidelines for suppression strategy and optimum 
combinations of men and equipment to achieve successful initial 
attack. 

3. To promote and extend research results to client agencies through 
lectures and training sessions. 

10. Resources: 

a. Starting date: 1972 
b. Estimated year of completion: 1973 Revised: 1978 
c. Estimated total Prof. man-years required: 3.4 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential mew major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.6 (Quintilio) 

0.9 (Kiil) 
1.5 Total 

Supp. 0.5 (Ponto) 
Casual 0.0 
Total 2.0 

11. Progress to Date: 

An inter-agency study group was formed to develop a simulation model 
for three initial attack methods, i.e. helicopters, airtankers, and 
ground crews. Important variables were documented and ten years of 
fire and weather data transferred to IBM-360 tapes. 

Model development was completed and preliminary runs made for ground 
and aerial systems. At the request of the Alberta Forest Service 
the model was expanded to include: (1) a B-26 airtanker (2) both 
land-based and amphibious PBY Canso's and (3) a 204B helicopter 
w/235 gal. bucket. 

Completed runs now include: 
(1) Handcrews - NFRC production rates 

- AFS estimated rates 
(2) Airtankers -

Thrush Comander 

B-26 

PBY Canso (land) 

PBY Canso (amphibious) 

Assumed accuracy 
100% accuracy 

75% accuracy 
100% accuracy 

75% accuracy 
100% accuracy 

80% accuracy 
100% accuracy 

80% accuracy 



(3) Helicopters 
206B 
204B 
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100% accuracy 
100% accuracy 

All interim results have been presented and discussed with the AFS 
in a series of meetings at NFRC. 

12. Goals for 1976-76: 

1. Review results of simulation model with the Alberta Forest 
Service; develop new goals and appropriate research direction. 

2. Participate in FWI Task Force development work. 

3. Supervise R&D contract for further initial attack simulation 
with Prairie-Agri Management Consultants. 

4. Public Information Report: 

Quintilio, D. et aZ. 1975. Simulated initial attack using 
helicopters, ground crews, and airtankers. Information 
Report. 

5. Expand the model to include the Canadair CL-2l5, at the request 
of the A.F.S. 

13. Accomplishments in 1975-76: 

1. Final results of the first generation simulation runs were 
presented to the Alberta Forest Service, Protection Branch, 
on January 6, 1976, at NFRC. A discussion based on these 
results and current priorities of the Alberta Forest Service, 
subsequently led to the following proposals: 

a. The AFS would assume all future consulting, programming 
and computer costs associated with the study (1976-77 
estimates total $4,000.00). 

b. The study leader would remain in his present capacity, 
responsible for directing the work, analyzing results, 
and presenting written and verbal summaries to the AFS, 
Protection Branch. 

c. The study leader is authorized to publish future results 
on behalf of the Canadian Forestry Service. 
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d. The AFS will contract, for the 1976 fire season, one 
204B helicopter and will test operational performance, 
relative to the high performance predicted by the 
Whitecourt model. 

e. New goals were set as described in Section 14-1,2. 

f. Mr. A. J. Simard, Forest Fire Research Institute, visited 
the N.F.R.C., Nov. 25-27, 1975, and di~cussed his national air
tanker simulation model and the local Whitecourt model. The 
close liaison with the FFRI ensures that the national and regional 
simulation models ape maintained as complementary as possible. 

2. Participated in the FWI Workshop, Petawawa Forest Exp. Station, 
June 16-19, to prepare User's Manual and 1976 edition of FWI 
Tables (metric). Proposed and distributed for comment a Fine 
Fuel Moisture Code adjustment to account for seasonal and 
latitude variation based on undepleted solar radiation. Reviewed 
the first draft of User's Manual. 

3. Continued supervision of model runs by Prairie-Agri Management 
Consultants. Provided performance, production and cost data 
for additional aircraft (B-26, Canso, 204B) and instructions 
and ground rules for incorporation into the program. 

4. An information report has been reviewed and approved by AFS 
and is in review at NFRC. 

5. At the request of the AFS, consolidated performance, production 
and cost data for the Canadair CL-2l5 and ran it through the 
model as an amphibious airtanker. Summarized and presented 
results to the AFS for input at the Provincial Air Caucus 
Committee. 

14. Goals for 1976-77: 

1. Update 1972-73 input parameters with current information and 
conduct second generation runs. (Quintilio) 

2. Re-design the program to allow suppression techniques, i.e., 
handcrews and airtankers, to operate simultaneously on individual 
fires. (Quintilio) 

3. Coordinate workshop sessions necessary to update model. 
(Quintilio) 
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4. Continue FWI Task Force and liaison assigrunents as required. 
(Quintilio) 

5. Publish report: 

Quintilio, D. and W. A. Anderson. 1976. Simulation study of 
three initial attack systems - a progress report. Infor
mation Report. 

6. Prepare draft problem analysis to identify and evaluate' new 
research and technology transfer needs and requirements in 
support of fire management activities, including fire impact 
on environment, cost/benefit concerns, improved statistical 
base for management, and guidelines for implementation. (Kiil) 

7. Continue serving on the following committees: (Kiil) 

~a) 
...... b) 

c) 

Western Fire Weather Committee 
Central Fire Weather Committee 
Forest Committee of the National Fire Protection 

Association 
d) Metric Sub-committee of the Canadian Committee on 

Forest Fire Control 
~e) Development Committee - AFS/CFS Policy on Meteorological 

Services for Fire Control 
f) Regional Fire Research Committee. 

8. Prepare the following reports: 

Performance of the Fire Weather Index in relation to fire 
activity in Alberta (Kiil, Miyagawa, Quintilio). Inf. Rep. 

The forest fuel complex in four forest types in Alberta (Kiil). 
Inf. Rep. 

9. Coordinate proposed fire behaviour/retardant evaluation program 
in Slave Lake Forest (Kiil). 
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15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Quintilio, D. 1975. Simulation study of three initial attack 
systems. For. Rep. Vol. 4, No.4. 

16. Signatures: 

\.0 

Program Manager 

Investigator Director G.T. Silver 
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NOR-5-131 

CANADIAN FORESTRY SERVICE 

STUDY STATEr-lENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 26, 1976 

1. Project: Reduction of losses by improved fire suppression methods. 

2. Title: Evaluation and planning of fire detection, surveillance and 
communications systems and methods. 

3. New: Cont.: X 4. No.: NOR-5-131 

5. Study Leader: J. Niederleitner 

6. Key Words: aerial patrols, lookouts, forestry communications, weather 
data collection, storm tracking, wildfire smoke emission, 
wildfire mapping. 

7. Location of Work: Alberta, National Parks, Yukon and Northwest 
Territories. 

8. Problem: 

The study consists of an analysis of fire records as well as of 
on-site evaluations of existing wildfire detection - mapping and 
communication systems. 

Research is done on factors influencing the performance and efficiency 
of such systems. 

The results of the study will enable user agencies to increase the 
efficiency of their fire surveillance systems thereby reducing total 
fire loses and minimizing fire suppression costs. 

Since some of the user agencies in the region are, at this time, not 
operating a fully developed fire surveillance system the study is 
bound to meet with a certain measure of success. 

Much of the results achieved in this study so far are already being 
implemented, and the prospects of further findings being put to 
practical use are excellent since most phases of the study are based 
upon user requests. 
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The following general course of action is being followed: 

1. Discussion with respective user agencies to define and outline 
the problems to be solved. 

2. On-site evaluations of existing installation and systems as 
well as analysis of available data. 

3. Formulation of objectives and arbitrary financial constraints 
to be considered with designing the new system. 

4. Gesign of new systems or modifications of existing systems in 
order to achieve optimal returns under given local conditions 
and accepted constraints. 

5. Assistance to user agency during implementation as well as 
research through short term projects solving day to day problems 
that have a bearing on systems design and operation. 

9. Study Objectives: 

1. Develop plans for wildfire surveillance and communications systems 
for the Northwest Territories, and other clients, on request. 

2. Identify the most advantageous detection medium (alternative) 
for given conditions. 

3. Define and identify factors influencing the design of wildfire 
detection and communication systems. 

4. Develop effective wildfire mapping and surveillance techniques. 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 
c. Estimated total Prof. man-years required: 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.0 

Supp. 2.0 (Niederleitner, Ogilvie) 
Casual 0.0 
Total 2.0 
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11. Progress to Date: 

1. Yukon Territory 

Inspected installations for safety hazards and operational 
efficiency, took panoramic photographs and drafted field sketches 
of seen area at the eight existing lookout and radio repeater 
locations. Located in the field, flagged the site and photo
graphed the panoramic view of seven new proposed lookout and 
radio repeater stations. Completed the seen area maps for each 
site, compiled and analysed the seen area information. 

2. Hood Buffalo National Park 

Took panoramic photographs and inspected the installations of 
6 existing lookouts. Located, flagged and took panoramic 
photographs of five new prospective lookouts and radio relay 
sites. Completed seen area mapping for each site and analysed seen 
area coverage and detection demand pattern. 

3. Northwest Territories 

Completed a familarization survey of high priority areas in 
respect to detection demand and topographic terrain features. 
Inspected each of the eight existing lookout stations for safety 
and functional reliability and took sets of panoramic photographs -
weather conditions permitting. Located, flagged and took panoramic 
photographs of 15 proposed lookout and radio relay sites. Completed 
visible area maps assesmbled them into composite maps and analysed 
the achieved pattern of coverage. 

4. Purchased a "Barnes Airborne Fire Spotter", field tested the unit, 
mount and various methods of powering the instrument by flying 
it as infrared support tool for the aerial observers over selected 
targets and on regular settlement fringe area patrols. 

5. Experimented with the AGA Thermovision 680 and 750 infrared 
scanning systems as well as Tivicon and Vidicon television system 
to establish if either instrument could contribute to fire 
detection or intelligence. The AGA Thermovision 750 system looked 
promising enough to warrant further investigation without major 
design changes. 

6. Testing of "Quality Technology" lightning stroke counters remained 
inconclusive and was abandoned because the manufacturer 
could not deliver the full complement of counters before the end 
of the fire season. 
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7. Sets of small scale aerial photography and satellite imagery 
were secured over a study area in the Slave Lake Forest, 
containing fire scars of various vintage. It was established 
that 1:120,000 aerial infra-red false color photography is a 
suitable medium for mapping fire damage in a variety of forest 
cover. 

8. Concluded work as member of a joint AFS Detection Task Force 69-4. 
This work is summarized in: 

Joint Task Force AFS 69-4 (Korsten, H., R.S. Miyagawa, 
J. Niederleitner). 1974. Detection System Analysis. 
Unpublished report to S. R. Hughes, Head, Forest 
Protection Branch, A.F.S. 

9. Prepared the following reports: 

1. Wildfire Detection Study, Yukon Territory Telecommunications 
Supplement. (Draft of a progress report to the Yukon Forest 
Service). 

2. Intermediate Report, Wildfire Detection Study, tmckenzie 
Forest. (Draft of a progress report to the Mackenzie 
Forest Service). 

3. Interim Report, Wood Buffalo National Park, Wildfire 
Detection System. (Draft of a progress report to the Wood 
Buffalo Park administration). 

4. Infra-red Scanners for Cold Trailing. (Draft of a progress 
report to the Alberta Forest Service). 

5. Intermediate Report, Wildfire Detection Study, Yukon Territory. 

12. Goals for 1975-76: 

1. Complete all reporting in respect to the work done in the Yukon 
Territory, in the Wood Buffalo National Park and the Northwest 
Territories. Publish the detection/communication plan for the 
Yukon and the detection plan for N.W.T. as information reports. 

2. Help the Northwest Lands and Forest Service and the Wood Buffalo 
National Park administration in implementing the recommendations 
contained in the submitted reports by guiding construction crews 
to the respective sites, advise on type of installations to be 
used, etc. 



1 I • ' ... (-.} 

- s -

'3. l'rovid(' fire managemcnt agencics with consulLlllon and traininv 
in the fieJd of fire dctection,surveilJance or communications 
as requested. 

4. Investigate the feasibility of using the AGA Thermovision 750 
system for detecting hold-over or gronnd fires during actual 
operating conditions. This is a joint venture with the AFS 
who will provide assistance in the form of flying time, 
instrument rental and manpower. 

5. Complete seen area mapping of the remaining Yukon sites. 

6. Initiate work on the fire detection systems in Saskatchewan 
and Manitoba. 

7. Investigate properties and forest fire hazard potential of 
catalytic converters in exhaust systems of modern cars through 
literature review and consultation with other forest protection 
and fire control agencies. 

8. Design and build an inexpensive compact sighting devise to assist 
air observers in estimating fire size. 

9. Establish operating procedures for the AGA Thermovision 750 
system that will ensure optimum results in detecting holdover 
fires and allows for easy integration of the instrument into 
existing fire suppression operations. 

10. Demonstrate methods of using the AGA Thermovision 750 system 
and train field personnel in operating the scanner over actual 
operational targets in the field. 

11. Investigate the usefulness of the Barnes Airborne Fire Spotter 
as a support tool on regular fixed wing detection patrols over 
Alberta forests. 

12. Devise a method of recording the Thermogram on the Thermovision 
display unit in aircraft with the NFRC Sony Video system. 

13. Finalize testing of the NFRC heavy duty power pack. 

13. Accomplishments in 1975-76: 

1. Completed final file report to the Northwest Territories. 
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2. Construction of lookouts according to our recommendations was 
in progress in the Northwest Territories as well as in the Wood 
Buffalo National Park. Neither agency required "on location" 
assistance in 1975/76. 

3. Held a one week looknutman's training course at hThitehorse, 
Yukon Territory. Hade presentations at fire control courses 
in Jasper, Banff and Yoho National Parks, at the advanced fire 
control course, the regular NAIT class and a fire control 
seminar at Hinton. 

4. Established through 43 missions under vastly differing circumstances 
that the AGA Thermovision 750 system can detect more holdover 
fires faster than all other known methods combined. Client 
agencies contributed to this study approximately $20,000 in flying 
time and cost sharing. 

5. Completed the seen area mapping for the Yukon Territory. 

6. Met with Saskatchewan fire control official and arranged the 
work schedule for the 1976-77 phase of the detection system 
evaluation in that Province. 

7. Secured unpublished information and test results highlighting 
the fire potential of catalytic converters on vehicle exhaust 
systems and distribted this material to fire control agencies 
in western Canada. 

8. Designed and built a simple sighting devise to aid air observers 
in estimating distances on the ground. Ten models of the device 
were issued to field personnel for testing. 

9. Established an operating procedure for the AGA Thermovision 750 
system designed to detect holdover fires effectively. 

10. Demonstated the AGA 750 system and pertinent operating techniques 
to approx. 150 representatives of private forest industry and 
government forestry personnel, ranking from regional directors to 
fire fighters at eight forest headquarters, forestry training 
schools and fire camps. Six pilots were trained to fly the 
scanner and 20 fire control personnel were taught to operate the 
display unit. 
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11. Operated the Barnes Airborne Fire Spotter over one season as 
infrared support tool on an Alberta Forest Service patrol 
plane in care of a selected air observer. The scanner did detect 
one fire before the observer could see it. Protlems were 
encountered with numerous false alarms and metal fatigue 
cracks in the scanner mounting device. 

12. The NFRC Sony vidicon system was adapted to record the 
Thermovisions imagery in flight and aerial targets taped for 
demonstration purposes. 

13. Concluded testing of the NFRC heavy duty 12 volt d-c power 
pack after extensive operational use as power supply for various 
airborne remote sensing systems. 

14. Goals for 1976-77: 

1. Commence fieldwork for the purpose of evaluating the detection 
system of the western forest region in Saskatchewan by: 

1. taking sets of panoramic photographs from 35 existing 
lookouts 

2. drawing seen area field sketches from each site and investi
gating seen area obstructions or possible alternate sites 
in the immediate vicinity of each lookout location 

3. inspect lookout installations for safety (lightning 
protection, helicopter landing hazards) and efficiency 
(accuracy of fire finder, location and state of weather 
instruments, available maps). 

2. Process field information collected in Saskatchewan: 

1. process, assemble, annotate, orient and interpret panoramic 
photographs (40 photos per lookout site - total 1400 photo
graphs) 

2. construct cross-section profiles for each lookout site at 
(at least) 10° of azimuth out to 25 miles (40 km) from 
each lookout site (minimum of 1260 cross-section profiles) 

3. compile seen area maps for each lookout based on panoramic 
photographs and cross-section profiles 

4. compile and analyze all information, prepare a progress 
report to the client agency. 
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3. Complete all reportin~~ in respect to the work done in the Yukon 

Territory, in the l.J'ood Buffalo National Park and the Northwest 
Territories. Publich the detection/communication plan for the 
Yukon and the detection plan for N.W.T. as information reports . 

4. Investigate the feasibility and develop procedures for the use 
of the Thermovision 750 system in fire mapping, observing fire 
behavior and monitoring of airdrops through vision obscurring 
smoke. 

• 

5. Investigate the suitability of the Barnes Airborne Fire Spotter 
as a support tool to aerial patrols over boreal forest cover. 

6. Help the Northwest Lands and Forest Service in the Wood Buffalo 
National Park administration in implementing the recommendations 
contained in the submitted reports by guiding construction crews 
to the respective sites, advise on type of installations to be 
used, etc. 

7. Provide fire management agencies with consultation and training 
in the field of fire detection, surveillance or communications 
as requested. 

15. Publications: 

Up to 1975-76 

Niederleitner, J. 1971. Remote sensing in forest fire control, 
Report on symposium June 1971, Missoula, Montana. 
Inf. Rep. NOR-I. 

Northern Forest Research Centre - Forestry Report 
Vol. 1 - 1 March 1971 - pp. 8. 
Vol. 2 - 1 July 1972 - pp. 8. 
Vol. 3 - 1 June 1973 - pp. 8 (Infra-red assistance to 

the aerial observer) 
Vol. 3 - 3 Oct. 1973 - pp. 12 (Mapping burned-over forests) 

These reports described in abbreviated manner results of 
current research at NFRC in fire suppression and fire 
behavior. 

Niederleitner, J. and G. R. Lait. 1972. Tivicon television 
camera: A new fire line reconnaissance tool; laboratory 
trials. Can. For. Servo Internal Rep. NOR-IS. 
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Niederleitner, J. 1972. Demonstration of AGA Thermovision System 
680 in Edmonton. Can. For. Servo Miscellaneous Rep. 
NOR-Y-16. 

1975-76 

Niederleitner, J. and P. Bihuniak. 1976. A heavy duty 12 volt d-c 
power pack to operate airborne remote sensing systems. 
Can. For. Servo Inf. Rep. NOR-X-147. 

Niederleitner, J. 1976. Detecting holdover fires with the AGA 
Thermovision 750 infrared scanner. Can. For. Servo 
Inf. Rep. NOR-X-151. 

Niederleitner, J. 
improved. 

1975. The fire mop-up "Shell Game". 
Forestry Rep. 4(4). Dec. 1975. 

Odds now 

16. Signatures: 
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Program Manager 

Director G. T. Silver 
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Evaluation and rating of fire behaviour 

and effects in forest ecosystem 



NOR-6-085 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date:rebruary 26, 1976 

1. Project: Evaluation and rating of fire behaviour and effects in 
forest ecosystem. 

2. Title: Controlled burning in forest management. 

3. New: Cont.: X 4. No. : NOR-6-·085 

5. Study Leader: Z. Chrosciewicz 

6. Key Words: Pinus banksiana, Picea mariana, Picea glauca, Populus 
tremuloides, climates, sites, fuels, drought. 

7. Location of Work: Hadashvil1e, Manitoba and Candle Lake, Saskatchewan. 

8. Problem: 

Many cut over areas in Manitoba and Saskatchewan are characterized 
by (a) substantial accumulations of logging slash (fire hazard problem), 
(b) frequent incidences of various parasites (sanitation problem), 
(c) insufficient reproduction of conifers due to unfavourable seedbed 
conditions (si1vicu1tura1 problem), and (d) rapid reversions to grass, 
shrubs and inferior hardwoods (si1vicu1tura1 problem). 

However, available information indicates that the post-cutting 
conditions can be effectively rectified through a rational use of 
burning either in presence of seed trees or followed by direct 
broadcast seeding as in cases of facilitating pine and spruce 
reproduction, and through a burning alone as in cases of improving 
asexual aspen reproduction on some more productive sites. Conversion 
of other sites either from brush or from diseased and poorly growing 
aspen to some of the better suited conifers is also quite feasible 
by the use of burning followed by seeding or planting with subsequent 
application of herbicides as needed. 
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There are indications that the USt' of burning as a basic treatment 
will be much less expensive than mechanical operations serving a 
similar purpose. Added benefits at no extra cost will normally 
include elimination of slash fire hazard on all treated sites and a 
high degree of sanitation on pest-infested sites, both of which 
cannot be effectively realized by mechanical means. However, little 
is known in Manitoba and Saskatchewan about the minimum drought 
requirements for burning the desired amounts of fuels involved and, 
without this knowledge, the chances of successful and economical use 
of fire for any well-defined purpose are extremely small. Study NOR 085 
is designed to furnish the necessary data in relation to the following 
variables: 

Southeastern Manitoba 
Climate: boreal-temperate, 

moist subhumid , 
+ 

Forest Types 

Central Saskatchewan 
Climate: moderate-boreal, 

medium sub humid 

I 
Jack pine, black spruce, aspen, white spruce-aspen 

x 

Cutover Sites 
dry, fresh, moist 

x 

Drought Conditions 
indices 3, 6, 9, 12 in the old system 
or their equivalents in the new system 

+ 
Experimental Level 
0.4-acre treatment units 

x 

Seasons of Burnin~ 
spring, summer, fall 

I 
• Operational Level 

20-acre plus treatment units 

Various weather, fuel, site and vegetation studies associated with the 
individual burns will aid in the factorial evaluation of the burns 
themselves, and post-burn seeding or planting of conifers will often 
be required to make the findings more meaningful. Other related studies 
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will include the determination and evaluation of effects on seedbed 
quality, tree reproduction, plant succession and certain soil properties. 
The results will be published in the form of tables, prediction curves 
and recommendations for practical field use by resource managers. 

Due to reorientation of regional research effort in 1970, it has been 
decided to confine this program on jack pine sites only. The decision 
is reflected in various sections of this statement, including the 
revised year of completion. 

9. Study Objectives: 

The study includes integrated elements of fundamental and applied 
research with specific aims of burning directed toward: 

1. Elimination of slash fire hazard (minimal reduction of raw-humus 
depth) . 

2. Sanitation of fungus-, insect-, and mistletoe-infested sites 
(minimal to moderate reduction of raw-humus depth). 

3. Improvement of aspen asexual reproduction (moderate reduction 
of raw-humus depth). 

4. Preparation of sites for planting pine and spruce (moderate 
reduction of raw-humus depth). 

5. Preparation of sites for seeding pine and spruce (moderate to 
substantial reduction of raw-humus depth). 

6. Development of raw-humus-reduction curves for predicting the 
outcome of burning over a wide range of drought conditions by 
major forest types, sites, climates and seasons of burning. 

7. Using the curves under "6", development of prescriptions based 
on minimum drought and burning requirements for each of the 
objectives listed under "1" to "5". 

8. Delineation of essential control requirements based on the 
anticipated fire behaviour as related to weather and fuel 
conditions at the time of burning. 

9. Evaluation of cost-benefit relationships at the operational 
level of burning. 

10. Evaluation of all burns in terms of the establishment and growth 
of forest reproduction. 
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10. Resources: 

a. Starting date: 1968 
b. Estimated year of completion: 1983 Revised: 1976 
c. Estimated total Prof. man-years required: 0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 

11. Progress to Date: 

Supp. 
Casual 
Total 

A series of meetings with the provincial forest services led to the 
submission and approval of a comprehensive project plan (FRE MS 107) 
in 1969. Since then, forty-seven burns were· carried out on jack 
pine cutover areas in southeastern Manitoba and cerltra1 Saskatchewan. 
Forty-three of them were 0.4-acre experimental burns covering a range 
of sites, fuels and drought conditions, and five of them were large
scale operational burns totalling some 320 acres. Various seeding 
and planting treatments were tested in connection with individual burns. 
Other related activities included (a) publication of four papers mostly 
on a similar work with controlled burning in central Ontario, 
(b) assessment of conditions after two provincial control burns on a 
black spruce site in southeastern Manitoba, (c) analysis of data as 
they became available from the jack pine burns in southeastern Manitoba 
and central Saskatchewan, and (d) preparation of some material for 
publication. 

12. Goals for 1975-76: 

1. Assessment of post-burn conditions (plant succession, tree 
reproduction, etc.) on recently treated areas. 

2. Submission of the following for publication: 

1. Chrosciewicz, Z. 1975. Experimental burning on clear-cut 
jack pine sites in southeastern Manitoba. 

2. Chrosciewicz, Z. 1975. Experimental burning on clear-cut jack 
pine sites in central Saskatchewan. 

3. Chrosciewicz, Z. 1975. Large-scale operational burns for 
slash disposal and conifer reproduction in central 
Saskatchewan. 

4. Chrosciewicz, Z. 1976. Jack pine regeneration following 
burning and seeding treatments in central 
Saskatchewan. 
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3. Termination of this study and transfer of unfinished segments 
re: fuels, vegetation and fire behaviour to NOR 086. 

4. Goal added: Revision and publication of the following: 

Chrosciewicz, Z. 1975. Correlation between 
at two different heights within a 
clearing in central Saskatchewan. 
as lnf. Rep. 

wind speeds 
large forest 
Prepared 

1 .... ,· j ,if'., 

6. Chrosciet:icz, Z. 1976. Burning for black spruce regeneration 
on a lowland cutover site in southeastern Manitoba. 
Prepared for Can. J. For. Res. 

13. Accomplishments in 1975-76: 

1. Assessment of post-burn conditions was carried out as planned. 
This included a 50% regeneration survey of pine, spruce and 
aspen on 32 experimental plots, 8 of them 0.4 ac. in area, and 
24 of them 0.1 ac. in area. 

2. Papers "1" and "2" were prepared for publication as Information 
Reports. Papers "3" and "4" are scheduled for completion by 
the end of the fiscal 1975-76. 

3. The study was terminated and unfinished segments transferred 
to NOR 086. 

4. Accomplishment added: Papers "5" and "6" were revised and 
accepted for publication, one published as an Information Report, 
and one now "in press" as an article in the Canadian Journal of 
Forest Research. 

14. Goals for 1976-77 

Study terminated (see NOR-6-086) 

15. Publications: 

Up to 1975-76 

Chrosciewicz, Z. 1967. Experimental burning for humus disposal on 
c1earcut jack pine sites in central Ontario. Can. Dep. For. 
Rural Develop., For. Br. Pub1. No. 1181. 23 p. 



- 6 -

Chrosciewicz, Z. 1968. Drought conditions for burning raw humus 
on clearcut jack pine sites in central Ontario. For. 
Chron. 44(5):30-31. 

Chrosciewicz, Z. 1969. Brulage experimental afin d'eliminer 
l'humus dans les buches a blank de pin gris en Ontario 
central. Can. Min. pgches Forgts, Dir. Gen. Forgts, 
Publ. No. l18lF. 22 p. 

Chrosciewicz, Z. 1970. Regeneration of jack pine by burning and 
seeding treatments on clearcut sites in central Ontario. 
Can. Dep. Fish. For., Can. For. Servo Inf. Rep. O-X-138. 
13 p. 

Kiil, A.D. and Z. Chrosciewicz. 1970. Prescribed fire - its place 
in reforestation. Can. Coun. Res. Min., For. Reader, 
Pap. No.7. also For. Chron. 46(6):448-451. 

Chrosciewicz, Z. 1971. The growth response of young jack pine 
to moderate and extreme stand densities. Can. Dep. Environ. 
Bi-mon. Res. Notes 27(1):6. 

Chrosciewicz, Z. 1971. Silvicultural uses of fire. Can. Dep. Fish. 
For., Can. For. Serv., Prairies Reg. For. Rep. 1(1):4-5. 

Chrosciewicz, Z. 1973. Controlled burning in Saskatchewan. Environ. 
Can., Can. For. Serv., North. For. Res. Cent. For. Rep. 3(1):7. 

Chrosciewicz, Z. 1974. Evaluation of fire-produced seedbeds for 
jack pine regeneration in central Ontario. Can. J. For. 
Res. 4(4):455-457. 

1975-76 

Chrosciewicz, Z. 1975. Correlation between wind speeds at two 
different heights within a large forest clearing in central 
Saskatchewan. Environ. Can., Can. For. Serv., North. For. 
Res. Cent. Inf. Rep. NOR-X-14l. 9 p. 

Chrosciewicz, Z. 1976. Burning for black spruce regeneration on 
a lowland cutover site in southeastern Manitoba. Can. J. 
For. Res. (in press) 

Chrosciewicz, Z. 1976. Slash and duff reduction by burning 
clear-cut jack pine sites in southeastern Hanitoba. 
Can., Can. For. Serv., North. For. Res. Cent. lnf. 
(in press). 

on 
Environ. 

Rep. 
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Chrosciewicz, Z. 1976. Slash and duff reduction by burning on 
clear-cut jack pine sites in central Saskatchewan. Environ. 
Can., Can. For. Serv., North. For. Res. Cent. Inf. Rep. 
(in press). 

16. Signatures: 

,:< 

Investigator Program Manager 

Director G. T. Silver 
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NOR-6-086 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 26, 1976 

1. Project: Evaluation and rating of fire behaviour and effects in 
forest ecosystem. 

2. Title: Fire behaviour in boreal forest fuels. 

3. New: Cont.: X 4. No.: NOR-6-086 

5. Study Leader: Z. Chrosciewicz 

6. Key Words: Canadian Forest Fire Weather Index, fire behaviour, 
fire effects, danger rating. 

7. Location of Work: Various areas within the western and northern 
region. 

8. Problem: 

Intensive fire control management requires improved methods of 
assessing and forecasting fire danger for all major fuel types over 
a wide range of weather and site conditions. Although such methods 
would not prevent fires from occurring, they would undoubtedly 
result in substantial reduction of losses through better planning 
and implementation of various fire control measures all the way 
from preventation to suppression. 

A good start in the development of such methods was made with the 
publication of the new Canadian Forest Fire Weather Index tables in 
1970. The main index as well as the component codes are designed 
to summarize and rate the important weather variables that affect 
the ignition and spread of forest fires. The entire system provides 
means for daily rating of fire danger across the country. However, 
as the system uses primarily weather-dependent scales, it does not 
provide means for rating fire behaviour in specific fuels. 
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The second phase, then, would be the development of fire spre;ld and 
intensity tables for important fuel types by major sites and climates 
within the Region. Studies of moisture relationships in different 
fuels will help to determine the degrees of deviation from the standard 
curves as originally used in working out the Fire Weather Index. 
Experimental ground burns and observations of natural crown fires 
will provide data on fire behaviour over a wide range of weather and 
site conditions for each of the fuels. The resulting tables will 
then relate some of the main characteristics of ground and crown 
fires to the Fire Weather Index and its component codes. This in 
turn will provide means for a more precise rating and forecasting 
of fire danger and fire effects for major fuel types within the Region. 

9. Study Objectives: 

1. To develop fire spread and intensity tables for major fuel 
complexes. 

2. To assess fire effects in terms of fuel reduction and plant 
succession over a range of burning conditions. 

3. To establish guidelines for rational uses of fire in manipulation 
of various fuel combinations. 

4. To assist fire control agencies in application of the resulting 
tables and guidelines. 

10. Resources: 

a. Starting date: 1970 
b. Estimated year of completion: 1973 Revised: 1980 
c. Estimated total Prof. man-years required: 5.0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 1.0 (Chrosciewicz) 

Supp. 1.0 (Gordey) 
Casual 0. 6 
Total 2.6 

11. Progress to Date 

The new Canadian Fire Weather Index was introduced to the Region in 
1970 through a series of training sessions for the user agencies. 
Since then, fire behavior and fire effects were studied by means 
of experimental burning on a number of cutover sites and in uncut 
stands. Varying in area from 0.16 to 33.35 ha, the tests included 
2 burns of black spruce slash, plus 17 burns of jack pine slash in 
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burns of jack pine slash in Saskatchewan, and 22 burns 
pine slash plus 2 burns of undisturbed black spruce 
Results are being published as they become available. 

While this work was nearing completion, variations in moisture 
content and heat content of green conifer foliage (jack pine, black 
spruce, white spruce and balsam fir) were studied in Alberta to determine 
their seasonal lows (moisture) and highs (heat) that may contribute 
substantially to the incidence and the spread of crown fires. The 
foliage data, along with the associated weather information, are now 
being analysed. 

To study further fire behavior under undisturbed forest canopies, 
a series of O.09-ha experimental plots were established in each 
of four mature stands in Alberta (jack pine, black spruce, white 
spruce-aspen, and aspen). In preparatjon for the burning tests, 
inventories of dead fuels and live vegetation were initiated in 1975 
on 16 jack pine plots, and these are scheduled for completion in 1976. 

Associated studies in the major forest cover types of Alberta are 
aimed at fuel appraisal for improved fire behavior predictions at 
the operational level. 

12. Goals for 1975-76: 

1. Continuation with the sampling of green conifer foliage for one 
month (June) to determine the consistency of periodic highs 
and lows in its moisture content. 

2. Analysis of foliage-moisture data and submission of a report 
for publication. 

3. In preparation for burning in 1976, initiation and completion 
of stand inventories (trees, shrubs, ground vegetation, dead 
dimensional fuels, litter, duff, etc.) on 16 jack pine plots 
near Hondo, Alberta. 

4. Goal added: Continuation of calorimetric tests on green 
conifer foliage to determine the extent of seasonal variation 
in its heat content. 

5. Goal added: Preparation and publication of an article on 
current calorimetric work at the Centre. 
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1. Sampling green conifer foliage and subsequent determinations 
of its moisture content were completed. In all, this involved 
some 880 samples (4 species x 4 foliage ages x 11 sampling 
dates x 5 replications). 

2. The available data were analysed, and a report is in preparation. 

3. A 20% stand inventory was initiated on a number of jack pine 
plots, each 900 m2 in area. So far, the inventory was completed 
on 12 plots for trees, ground vegetation, dead dimensional 
fuels, litter, duff, etc., and on 2 plots for shrubs. In
sufficient staffing of the field party has prevented the completion 
of this work on all 16 plots. 

4. Accomplishment added: Calorimetric tests on green conifer foliage 
were completed. This consisted of some 360 heat-content determinations 
(4 species x 3 foliage ages x 3 sampling seasons x 10 replications). 

5. Accomplishment added: A brief article about the procedures, 
scope and objectives of current calorimetric work at the Centre 
was prepared and published in the Forestry Report. 

14. Goals for 1976-77: 

1. Publication of the following: 

1. Chrosciewicz, Z. 1976. Large-scale operational burns for 
slash disposal and conifer reproduction in central 
Saskatchewan. Inf. Rep. 

2. Chrosciewicz, Z. 1976. Jack pine regeneration following 
burning and seeding treatments in central Sask
atchewan. Inf. Rep. 

2. Submission of the following for publication: 

3. Chrosciewicz, Z. 1976. Seasonal variations in foliar 
moisture of four conifers in central Alberta. 
Can. J. For. Res. 

3. Analysis of data reo seasonal variations in foliar heat 
content of the four conifers calorimetrically tested in 1975. 
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4. Assessment of post-burn conditions (plant succession and tree 
regeneration) on more recent experimental and operational 
burns. 

! 

1../ 

5. Completion of stand inventory on the remalnlng jack pine plots, 
4 for trees, ground vegetation, dead dimensional fuels, litter, 
duff, etc., and 12 for shrubs. 

6. Setting-up a pilot test to study both fire behavior and aerial 
suppression methods through burning a lowland black spruce 
stand, 2 ha in area. 

15. Publications: 

Up to 1975-76 

Chrosciewicz, Z. 1971. Si1vicu1tura1 uses of fire. Can. Dep. 
Fish. For., Can. For. Serv., Prairies Reg. For. Rep. 1(1):4-5. 

Quinti1io, D. 1972. Fire spread and impact in lodgepole pine slash. 
Master's Thesis, Univ. Montana, Missoula, Mon. 69 p. 

Quinti1io, D. 1972. A burning index for lodgepole pine logging 
slash with descriptive hazard chart. Can. Dep. Environ., 
Can. For. Serv., North. For. Res. Cent. Supplement NFRC-1. 4 p. 

Chrosciewicz, Z. 1973. Controlled burning in Saskatchewan. Environ. 
Can., Can. For. Serv., North. For. Res. Cent. For. Rep. 
3(1):7. 

Kiil, A.D., R. J. Lieskovsky and J. E. Grigel. 1973. Fire hazard 
classification for Prince Albert National Park, Saskatchewan. 
Environ. Can., Can. For. Serv., North. For. Res. Cent. 
Inf. Rep. NOR-X-58. 26 p. 

1975-76 

Kiil, A. D. 1975. Fire spread in a black spruce stand. Environ. 
Can., Can. For. Servo Bi-mon. Res. Notes 31(1):2-3. 

Chrosciewicz, A. 1975. Correlation between yind speeds at two 
different heights within a large forest clearing in central 
Saskatchewan. Environ. Can., Can. For. Serv., North. For. 
Res. Cent. Inf. Rep. NOR-X-14l. 9 p. 
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Chrosciewicz, Z. 1975. The pill, the bomb ••.. and fire behaviour. 
Environ. Can., Can. For. Serv., North. For. Res. Cent. 
For. Rep. 4(4):3. 

Chrosciewicz, Z. 1976. Burning for black spruce regeneration on 
a lowland cutover site in southeastern Manitoba. Can. 
J. For. Res. (in press) 

Chrosciewicz, Z. 1976. 
clear-cut jack 
Environ. Can., 
lnf. Rep. (in 

Chrosciewicz, Z. 1976. 
clear-cut jack 
Can., Can. For. 
(in press). 

16. Signatures: 

Investigator 

Slash and duff reduction by burning on 
pine sites in southeastern Manitoba. 
Can. For. Serv., North. For. Res. Cent. 
press). 

Slash and duff reduction by burning 
pine sites in central Saskatchewan. 
Serv., North. For. Res. Cent. lnf. 

Program Manager 

Director G. T. Silver 

on 
Environ. 
Rep. 
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NOR-6-168 

CANADIAN FORESTRY SERVICE 

STUDY STATEHENT 

1976 - 77 

Responsiblity Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 25, 1976 

1. Project: Evaluation and rating of fire behavior and e'ffects on 
forest ecosystems. 

2. Title: Evaluation of the role of fire in forest and intermingled 
vegetation in the prairie provinces, Rocky Mountains and 
far north. 

3. 

5. 

New: Cont.: X 

Study Leader: D.E. Dube 

4. No.: NOR-6-168 (Formerly 

NOR-5-980) 

6. Key Words: fire ecology, fire history, fire cycle, fire type, 
fire climax, fire scar rating. 

7. Location of Work: Region wide 

8. Problem: 

Within broad climatic limitations, fire has been the most important 
single, natural influence on vegetation throughout the region for 
about the past 10,000 years. Areal and temporal patterns of burning 
have varied along with fire intensity. Fire has played a significant 
role in influencing the physical-chemical environment; in regulating 
dry-matter accumulation; in controlling plant species and communities; 
in determining wildlife habitat patterns and populations; in 
controlling forest insects, parasites, fungi, etc.; in controlling 
major ecosystem processes and characteristics such as nutrient cycles 
and energy flow, succession, diversity, productivity and stability. 
The "natural" fire regime has been obscured by man's intervention 
and the long-term consequences of fire suppression are now becoming 
clear. 

Resource management problems are developing which require an under
standing of the historical role of fire, the effects of fire on a 
variety of landscapes, the alternatives available to resource 
managers and approaches required to implement alternatives. 
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9. Studz Objectives: 

1. To develop and implement fire management programs in designated 
National Parks. 

2. To document secondary plant succession in a subalpine site of 
recent fire origin. 

3. To define the needs and priorities of client agencies in the 
area of fire impact assessments. 

4. To describe and elucidate the natural role of fire. 

10. Resources: 

a. Starting date: 1974 
b. Estimated year of completion: 1984 
c. Estimated total Prof. man-years required: 10 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 1.0 (Dub e) 

0.1 (Kiil) 
1.1 Total 

Supp. 1.0 (Walters) 
Casual 
Total 2. 1 

11. Progress to Date: 

Some client agencies have been made aware of the historical and 
natural role of fire. The implications of this heightened awareness 
has resulted in the development of programs aimed at re-introducing 
fire into areas having past-fire history. 

Several contractural studies, elucidating the historical and ecological 
role of fire in designated areas, have been completed. 

12. Goals for 1975-76: 

1. Complete Master of Science Thesis, "Early plant succession 
following fire in the subalpine forest of the Canadian 
Rockies", by D. Dube. 

2. Complete literature review on fire history and fire ecology 
in territory served by NFRC. 
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3. Assemble fire records and maps in form suitable for ready 
reference. 

4. Make reconnaissances of Prince Albert and Riding Mountain 
National Parks. 

5. Write fire ecology problem analysis based on the above and 
directed towards the stated needs of management agencies 
with emphasis on the development of broad guidelines for fire 
management with particular reference to National Parks. 

6. Participate with Canadian Wildlife Service in prescribed 
burning study in Prince Albert National Park. 

7. Participate in training sessions of client agencies and meetings 
relevant to study content. 

8. To document the history and natural role of forest fires in 
selected areas within a Montane forest type in Jasper National 
Park. 

9. Complete a detailed fuel and vegetation inventory of selected 
sites in the Montane zone in proximity of Jasper townsite. 

10. To obtain low level aerial photography of designated areas 
in Jasper Park in support of a proposed prescribed burning 
program. 

11. Investigate the reproductive strategies of the prevalent boreal 
forest shrubs and herbs, with particular attention to the presence 
of viable seeds. 

12. To observe prescribed burns, in aspen parkland, conducted by 
Univ. of Alta., Dept. of Agriculture, for the purpose of 
extending rangeland. 

13. To write-up a portion of the Darwin Lake study pertaining 
specifically to the herbs and dwarf-shrubs of the area and to 
assist in reviewing the entire Darwin Lake manuscript. 

14. Participate in reviewing and refereeing publication emanating 
from N.F.R.C. as requested. 
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13. Accomplishments in 1975-76: 

1. Completed Master of Science thesis "Early plant succession 
following fire in the subalpine forest of the Canadian 
Rockies". The thesis documents the preburn and postburn 
vascular flora including coniferous regeneration. The standing 
dead forest, soils, climate, substrata and their relationships 
to the vascular flora are analysed. 

2. Completed a literature review on fire history and fire ecology 
in the territory served by N.F.R.C. Over 300 references 
relating to the above have been listed as a bibliography in 
the Problem Analysis (Accom. 5). 

3. Assembled or have access to fire records and maps in the 
region serviced by NRRC. Most of the records are held by 
client agencies but they have verbally allowed us free access 
to them. 

4. Have made reconnaissances of Prince Albert and Riding Mountain 
National Parks. Both parks are faced with the same basic 
problem; the encroachment by aspen and spruce into remnant 
fescue grasslands. 

5. Completed first 
in the region. 
real-world fire 
will permit and 
generalizations 

draft of problem analysis on the role of fire 
The analysis is oriented toward solving 
management problems, but with a framework that 
encourage synthesis of results into broad 
in the long run. 

6. Participated with Canadian Wildlife Service in prescribed 
burning study in P.A. National Park. Three fall burns were 
conducted in Sept/75 and file reports on the operating plan 
and a progress report have been completed. 

7. Participated in training sessions of client agencies and 
meetings relevant to study content, including the following: 

1. Ad Hoc Fire Research Committee - April 27/75 
2. Fire Ecology N. of 60° - April 22/75 
3. Fire Management in Jasper Park - Nov. 22/75 
4. Hinton Forest Technical School - Nov. 23/75 
5. Jasper warden re: fire operations - Feb. 5/76 
6. Inland Waters Directorate - Feb. 19/76 
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8. Completed, under contract (OSS5-0l40; RN KL015-5-0lll), a 
study titled, "The history and natural role of forest fires 
in the lower Athabasca Valley, Jasper National Park, by 
M. L. Heinselmann. This brief study represents preliminary 
information needed as support in developing fire management 
programs within the park. 

9. Completed a fuel and vegetation inventory of six sites in 
Jasper Park: 

1. Buffalo Prairie (2 sites) 
2. Pyramid Lake 
3. Wabasso Tail 
4. Two Valley Creek 
5. Meadow Creek 

These areas represent potential sites for introducing prescribed 
fire into the park as well as providing base line data on fuel 
loading within the park. 

10. Obtained low level aerial photography of areas considered as 
potential sites for prescribed burning program. (Contract 
#8-03-6210-855-0541, Order No. 215029). 

11. Completed report, under contract (OSW4-0l43) titled, 
"Investigations of buried seed populations and the reproductive 
strategies of prevalent boreal species" by E. Johnson and 
S. Rowe, Univ. of Sask. This represents an attempt to partially 
account for the relatively slow postburn vegetative development 
in northern areas. 

12. Dube, Fahnestock and Walters along with CWS personnel attended 
a one day prescribed burn, sponsored by the plant science 
division of the Dept. of Agriculture, Univ. of Alta. The burn 
took place at a University owned ranch at Kinsella Alta. The 
sole objective is to increase grazing land potential by using 
fire to destroy existing aspen clones and prevent possible 
aspen encroachment onto already existing grasslands. 

13. Completed assigned portion of Darwin Lake project, which consisted 
of a descriptive account of the herbaceous and shrubby vegetation. 

14. Reviewed and refereed three publications from NFRC: 

1. Sims, H. P. 1975. Vegetation response following clear-cutting 
and burning jack pine sites in southeastern 
Manitoba. 



- 6 -

2. Stevenson, R. E. 1975. Trees and forests of Jasper 
National Park. 

3. Waldron, R. and R. E. Stevenson. 1975. Ecotour: Calgary 
to Regina. 

14. Goals for 1976-77: 

1. Participate extensively in planning and implementing a fire 
management program in Jasper National Park. 

2. Advise and assist in prescribed burning-program in Prince 
Albert National Park. 

1.', t 

3. Undertake assessments of post-burn succession in the subalpine, 
Vermilion Pass, 8 years after fire. 

4. Discussion with client agencies and other C.F.S. establishments 
regarding their needs and priorities as to fire impact assessments. 

5. Participate in training sessions of client agencies and meetings 
relevant to study content. 

6. Prepare as Information Reports: 

1. Early plant succession following fire in the subalpine 
forest of the Canadian Rockies by D. Dube. 

2. Fuel build-up and successional development of four sites 
in subalpine forests. 

3. Fuel weight of lodgepole pine crowns in trees under 4" 
in dbh. 

15. Publications 

Up to 1975-76 

Douglas, G. W. 1974. Ecological impacts of chemical fire retardants. 
Inf. Rep. NOR-X-109. 

Fahnestock, G. R. 1974. An opportunity for fire ecology research 
in ,Jasper National Park. File Report. NFRC, CFS. Edmonton. 

Fahnestock, G. R. and D. Dube. 1974. Prospectus for an exploratory 
stuc), of the natural and historic role of fire in Hood 
Buffalo National Park. File Report. NFRC, CFS. Edmonton. 
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Johnson, E. A. and J. S. Rowe. 1974. Studies on vegetation and 
fire in the wintering ground of the Beverly caribou herd. 

Rowe, J. S. and E. A. Johnson. 1974. Problem analysis and pilot 
studies of fire in the western subarttic with particular 
reference to the caribou range, N.W.T. 

1975-76 

Fahnestock, G. R. 1975. Fires, fuels and flora as factors in 
wilderness management: the Pasayten Case. 15th Tall 
Timbers Fire Ecol. Conf. Proc. (in press) 

Fahnestock, G. R. 1975. Suggestions for fuel management to protect 
settlements in Yukon Territory. File Report. NFRC, CFS. 
Edmonton. 

Fahnestock, G. R. 1975. Operating plan for experimental prescribed 
burning in Prince Albert National Park. File Report. 
NFRC, CFS. Edmonton. 

Heinselman, M. L. 1975. The history and natural role of forest 
fires in the lower Athabasca Valley, Jasper National Park, 
Alberta. 

Johnson, E. A. and J. S. Rowe. 1975. The buried seed population 
in the subarctic forest, east of Great Slaye Lake, N.W.T. 

Fahnestock, G. R. 1975. Experimental prescribed burnin~ in Prince 
Albert National Park. File Report. NFRC, CFS. Edmonton. 
(Progress Report No.1). 

16. Signatures: 

c.:. (,;.\ I~ I~"·.} 
Investigator Program Manager 

Director G. T. Silver 
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Reduction of damage from pollutants in the atmosphere 



NOR-7-114 

CANADIAN FORESTRY SERVICE 

STUDY STATEHENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 4, 1976 

1. ~roject: Reduction of damage from pollutants in the atmosphere. 

2. Title: Symptomology of atmospheric effluent effects on the forest. 

3. New: Cont. X 4. No.: NOR-7-114 

5. Study Leader: R. A. Blauel, S. S. Halhotra, and J. Baker 

6. Key Words: sulphur gases, vegetation, lodgepole pine, white spruce. 

7. Location of Work: Region-wide. 

8. Problem: 

Industrial effluents discharged into the atmosphere in a number of 
locations have a real, imagined, or potentially deleterious effect 
upon adjacent trees and other plant life. Government agencies and 
the general public at all levels are expressing concern. Industrial 
groups are apprehensive as to restrictions which may be applied. 
Regulatory agencies in many instances lack essential scientific 
information describing cause and effect relations. Provincial 
government agencies, industry and the public request involvement by 
the Canadian Forestry Service in this environmental problem in 
the form of cooperative research programmes, detection and assessment 
surveys, and advisory services. 

9. Study Objectives: 

1. Develop and apply methods for measurement of air-borne pollutants 
released from various sources at they are removed from the 
atmosphere by settleout, by precipitation and by assimilation. 
(Blauel, Baker) 

1 f~ . 
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2. Describe vegetative symptom development resulting from 
known amounts of single and combined atmospheric industrial 
effluents, the sequence in which they are produced and develop 
diagnostic techniques based on these findings. (Malhotra) 

3. Discern air pollutant injury thresholds and develop a spec~es 
sensitivity index for different environmental conditions. 
(Blaue1) 

4. Test the Federal Air Quality obj ectives for air quality under 
defined environmental conditions. (Blauel) 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: Revised: 1980 
c. Estimated total Prof. man-years required: 2.8 

171, 

d. Essential new major equipment items for 1976-77 with costs: Nil 
fumigation chamber (also required for Studies NOR-24-990, 

991, 992 and 993) 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. .3 (S. Malhotra) 

11. Progress to Date: 

.2 (Vice Hocking) 

.2 (R. Blaue1) 
~ (J. Baker) 

.9 Total 
Supp. .3 (J. Shuya) 

.3 (J. Ridgway) 
~ (0. Fenn) 
1.0 

Casual 0.6 
2.5 Total 

Good relations and cooperative working arFanRements have been 
established with Provincial and Federal Government agencies involved 
with air pollution problems and with industry and the public in the 
field. The Canadian Forestry Service is regarded within the region 
as an important contributor of information relating to air pollution 
effects on vegetation. 

Industry-government workshops have been sponsored. 

Permanent sample plots have been located and vegetation described, 
in vicinity of gas processing plants and oil sands processing plants; 
including plume impingement areas. 
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Survey on the effects of air pollutants from industrial operations 
(Thompson, Man.; Flin Flon, Man. andPrinceAlbert, Sask.) on forest 
vegetation and soils was conducted in response to requests from 
various Provincial Government Agencies. 

Reference collections of slides, photographs and specimens have 
been sorted and catalogued. 

12. Goals for 1975-76: 

171 

1. Clear backlog of field reference collection work on forest 
species foliar materials by sorting and processing only top 
priorities. Fill revealed gaps in field symptomology. Continue 
collections. 

2. Prepare a color handbook of comparative symptomology for 
regional forest species exposed to air pollutants designed 
for use in the field. 

3. Order and supervise construction of the air pollutant fumigation 
chamber, and dependent on delivery to begin set up, stabilization 
and calibration of the chamber and ancillary equipment. 

4. Adapt micro-chamber to pollutant use and stabilize and calibrate 
it and ancillary equipment. 

5. Attempt exploratory exposures on micro-chamber and describe 
symptoms produced. 

6. Conduct preliminary assessment on the effects of air pollutants 
from industry on forest ecosystems around Thompson, Flin Flon, 
Prince Albert and Hinton. 

7. Develop and test a biomonitoring system for 802 from gas 
processing plants (R & D Contract - D. Vitt, Univ. of Alberta). 

13. Accomplishments in 1975-76: 

1. Atomic absorbtion spectrophotometric analysis of vegetative and 
soil samples is underway. Further collections were made con
cerning field symptomology. 

2. Greenhouse and laboratory trials to clearify certain vegetative 
symptoms were carried out and photography was completed. The 
whole of the photographic collection is currently being 
reviewed and the handbooks preparation is underway. 
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3. ThC' contract for the fume chamber has been let nne! construction 
has startE~d. The deli very of the chamber is expected in July 
or August of 1976. 

4,5. The search for hiring a qualified instrument technologist to 
achieve goals 4 and 5 \vas conducted and the final selection of 
the candidate awaits release of the position. 

6. Initiated forest ecosystem impact assessments concerning smelter 
reLeased air pollutants in tht areas of Thompson and Flin Flon 
and concerning pulp mill air pollutants around Hinton and 
Prince Albert. 

File reports on the field aspects of these evaluations are 
completed. Laboratory examination and analysis of field sample 
collections are currently in progress. 

7. Tree lichen inventory was completed around gas processing plants 
near Rocky Mountain House and a biomonitoring system for S02 
was developed (final report under preparation - D. Vitt, Univ. 
of Alberta). 

14. Goals for 1976-77: 

1. Set up and calibrate the siemens microchamber and run preliminary 
fumigation trials (Co-ordinated with Study 990). (Blauel and Malhotra) 

2. Set up and calibrate the "pollution fumigation chamber". 
(Blauel and Malhotra) 

3. Clear backlog of soil and vegetation samples collected from 
Thompson, Flin Flon, Hinton and Prince Albert areas and report 
the findings (Co-ordinated with Study 990). (Blauel, Baker and 
Malhotra) 

4. Complete the color handbooks on symptomology for regional forest 
species exposed to air pollutants designed for use in the field. 
(Blauel) 
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15. Publications: 

Up to 1975-76 

Loman, A. A. 1972. Atmospheric sulphur dioxide and foliar sulphur 
content. NOR-Y-48. 

Loman, A. A., R. A. Blauel and D. Hocking. 1972. Sulphur dioxide 
and forest vegetation. NOR-X-49. 

17~ 

Blauel, R. A. 1972. Comments on vegetation section of the Canadian 
Petroleum Association submission to the Environment Conservation 
Authority, Alberta Department of the Environment, Edmonton. 
NOR-Y-73. 

Blauel, R. A. 1973. Intervention by CFS-EPS on application by Gulf 
Oil for exemption from minimum sulphur recovery efficiency 
guidelines of the Energy Resources Conservation Board, 
Government of Alberta. January 5, 1973. File Report. 

Hocking, D. and D. Reiter (Eds.). 1973. Proceedings of a workshop 
on sulphur gas research in Alberta. NOR-X-72. 21 papers. 

Hocking, D. 1973. Some terms for symptoms on plants exposed to 
sulphur gases. In NOR-X-72. 

Rowe, R. D. 1974. Delineation of Plume and Impingement Areas from 
a Sour Gas Processing Plant. 

File Reports 

Hocking, D. 1974. Effects on the forest of sulphur dioxide from a 
sulphur fire near Edson, Alberta. 

Hocking, D. 1974. Preliminary survey of the forest condition near 
the Transmountain Pipeline Co. Ltd. pumping station at Jasper, 
Alberta. 

Hocking, D. The forest impact of sulphur dioxide from underground 
combustion of sulphide ores near Kimberley, B.C. 
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1975--76 

Hocking, D., S. S. Malhotra and R. Blauel. 1975. Environmental 
Stress in the Forest. Forestry Report Vol. 4, #2. 

Blauel, R. 1975. Summary of Possible Impacts on Forests from 
Sulphur Dioxide and Other Air P011utants. File Report NOR-1l4. 

Blauel, R. 1975. Plant selection for reclamation purposes. 
File Report NOR-114. 

16. Signatures: 

Program Manager 

Director G. T. Silver 



NO~-7-162 

CANADIAN FORESTRY SERVICE 

STUDY STATMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 4, 1976 

1. Project: Reduction of damage from pollutants in the atmosphere. 

2. Title: Effects of atmospheric effluents on forest soils. 

3. New: Cont.: X 4. No.: NOR-7-162 (Formerly NOR-7-970) 

5. Study Leader: J. Baker 

6. Key Words: soil profile, soil horizons, grey wooded soils, phosphate 
absorption, ammonium-nitrogen, sulphur compounds, air 
pollution, heavy metals. 

7. Location of Work: Region wide. 

8. Problem: 

This study is necessitated by the fact that industrial operations 
emit various compounds into the atmosphere. These compounds react 
with the total environment and have the potential of causing serious 
damage. 

The proposed study will concentrate on sulphur emissions from the 
Aquitaine Gas Plant and Northwest Pulp & Power Plant. Both direct 
and indirect effects of sulfur and their reaction products in soils will 
be studied. Short as well as long term effects will be given consideration. 

Agencies, concerned with the potential hazards of air pollutants on 
the environment frequently lack essential scientific information 
describing cause and effect relationships. Information obtained 
from this study should prove beneficial in assessing both the 
immediate and long term hazards to the soil environment. 

If results show positive adverse effects of atmospheric sulphur 
pollutants on the soil environment, then regulatory agencies will be 
in possession of additional essential information to set meaningful 
and safe limits on levels of atmospheric pollutants. On the other 
hand, if there are no real serious threats to the soil, any previous 
apprehension, on the part of the various interested agencies, may 
be dismissed. 
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9. Study Objectiv~~: 

To determine the influence of nir pollutants, in the first instance 
sulphur dioxide gas, on: 1) amount, form and region of accumulation 
of chemical constituents in the soil, 2) soil micro-flora, especially 
sulphur and nitrogen organisms, 3) sulphur availability in the soil 
and the effect of this on sulphur up-take by plants. 

10. Resources 

a. Starting date: 1974 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 2.0 
d. Essential new major equipment items for 1976-77 with costs: 

Auto titration unit with "dead stop" feature 7,000 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.4 

Supp. 0.5 (Caldwell) 
Casual 0.2 
Total --r:-l 

11. Progress to Date: 

Twelve sampling sites were installed in the Aqutaine area (Strathmore) 
to monitor sulfur compound impingement in the area surrounding the Gas 
Plant. Two gas plants are operating in the area - Aquitaine and Gulf. 
Gross fall (or open rainfall), thrufall (intercepted rainfall) and 
stemflow (water flow down tree stems) collecting apparatus were 
installed at each site. From each site soil samples were removed for 
analyses. This stage was carried out 1974-75. Results have been 
reported - see publications #15. Six of the original sites were kept 
active during 1975-7.6 - see accomplishments 1975-76 - #13. 

Six collection sites were established in the Hinton area to obtain some 
idea of sulfur impingement in that region in 1975. The collection units 
were placed in a direction similar to that of the prevailing wind. 
Only thrufall was collected. For results see accomplishments 1975-76 -
#13. 

12. Goals for 1975-76: 

1. The identification of soil micro-flora will continue. 

2. Analysis for S04-S, Fe, Al and other cations on soil samples 
will continue. 

3. Investigation of atmospheric sulfur pollutants in the vicinity 
of Hinton. 
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13. Accomplishments in 1975-76: 

1. A soil micro-flora study was undertaken in the summer of 1975 
and resulted in the compilation of methods and techniques for 
the growth, isolation and identification of nuitrifiers, 
denitrifiers,sulfur oxidizers and reducers, and other soil 
micro-flora. Studies were undertaken on soil that had received 
fertilization with N, P & S in the spring of 1972. 

Neither N nor S oxidizers were detected in any of the fertilized 
or control samples. At this point it is difficult to decide if 
the failure to detect these is a result of too high dilutions 
or the absence of organisms in the soil. 

Denitrifiers were found in one sample of fertilized soil but 
results were inconsistent on other samples. 

,It was found however, that bacterial count changed considerably 
in samples stored at 10°C. Thus, to obtain a more accurate 
picture of the micro-flora populations in soils only freshly 
taken samples should be used. 

2. In the Aquitaine area sulfur returned to the soil surface via 
, thrufall ~';as essentially similar to that returned by grossfall. 
Approximately 6-8 kg S/ha during the 4 collection months (June -
September) were returned to the soil surface. 

The much lower pH values of solutions of thrufall probably are 
the result of the leaching of acidic components from foliage and 
bark. The greater amounts of calcium, magnesium, potassium, etc. 
in the thrufall tend to confirm this conjecture. 

\~ether by thrufall or grossfall, soil pH values tend to be more 
acidic within the sulfur impingement zone than in areas and sites more 
remote from the Gas Plants. 

3. In the Hinton area sulfur returned to the soil surface ranged 
from approximately 7 kg/ha/year 60 kilometers south to about 
30 kg/ha/year in the immediate vicinity of Hinton. At a site 
16 kilometers northeast of Hinton sulfur returned to the soil 
by precipitation was about half that observed in the immediate 
vicinity of Hinton. It is possible that much of this sulfur 
had its source in the pulp and power plant at Hinton. 
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~1t({'h c;l1cium and some m;l)',l)('~;i\lm was found in the Silme 
solutions. While some calcium may have had its origin 
in the pulping process, most of the calcium and magnesium 
probably is wind blown from beds of loess along the Athabasca 
flood plains. 

14. Goals for 1976-77: 

1. Soil micro-flora studies will continue but the extent and 
detail will depend on suitable support help. 

2. Sampling units similar to those used in Hinton (some modification) 
will be placed throughout the Aquitaine area. 

3. A report of the results of the Hinton and Aquitaine results is 
planned. No field work for the Hinton area is planned for this 
year. 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Baker, J., D. Hocking and H. Nyborg. 1975. Acidity of open and 
intercepted precipitation in forests and effects forest 
forest soils in Alberta, Canada. In Proc. First Inter
national Symposium on acid precipitation and forest 
ecosystems, Columbus, Ohio. 

16. Signatures: 

I~estigator 

'I )! /. j/ ') " ; ), '-..t' . '" ~ 

Program Manager 
./ 

Director G. T. Silver 



NOR-7-974 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 4, 1976 

1. Project: Reduction of damage from pollutants in the atmosphere. 

2. Title: Effects of atmospheric effluents on biochemical processes 
of the forest vegetation. 

3. New: Cont.: X 4. No.: NOR-7-974 

5. St~dy Leader: S. S. Malhotra 

6. Key Hords: photosynthetic fixation, lodgepole pine, photosynthetic 
pigments, aqueous sulphur dioxide, Na H14C03' biomass, 
spectrophotometry, pigment metabolism, in vivo, in vitpo. 

7. Location of Hork: Northern Forest Research Centre. 

8. Problem: 

One of the major concerns in industrialized areas is the emission of 
effluents into the atmosphere. Host of these effluents have a great 
potential to cause irreversible damage to forest trees and other 
vegetation. Since there is not enough information available either 
on direct or indirect effects of air pollutants on plant life, 
regulatory agencies have difficulty in applying any meaningful and 
effective restrictions. 

Sulphur dioxide is the principal atmospheric pollutant in many 
industrial areas. Research on this gas has been mostly limited to 
physiological studies (work with intact tissues) and description 
of the necrotic symptoms which develop on plant leaves. The 
mechanism of S02 toxicity at molecular level has not been examined 
in detail. An understanding of the biochemical mechanism of S02 
toxicity in forest species would help to explain their pollution 
sensitivity and would provide information on the effects (positive 
or negative) of low levels of sulphur dioxide on biomass production. 
The regulating agencies when supplied with this vital information 
will be in a better position to set more rational levels of S02. 
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Since S02 has been shown to cause discoloration of leaves, we will 
examine the effects of S02 on the photosynthetic fixation of H14C0 3 
by lodgepole pine seedlings, and investigate the interaction between 
this gas and photosynthetic pigments extracted from forest trees. 

9. Study Objectives 

To determine the effects of air pollutants on some of the central 
biochemical processes in forest species, 

10. Resources: 

a. Starting date: 1974 (: 

b. Estimated year of completion: Revised: 197X 
c. Estimated total Prof. man-years required: 1.6 
d. Essential new major equipment items for 1976-77 with costs: 

spectrofluorometer 7,500 
ultracentrifuge accessories 2,500 

1 Q ~ 
(I f I 

e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. Nil 

Supp. Nil 
Casual 
Total Nil 

11. Progress to Date: 

Available world literature on biochemical and physiological action 
of S02 on vegetation has been assembled, reviewed and is currently 
in press. 

Substantial experimentation has been carried out with different age 
pine needle tissues exposed to S02 in aqueous solution. The results 
have shown significant effects on (1) photosynthetic pigments 
(2) enzyme activity (3) Hill reaction activity (4) rate of H14C0 3 
incorporation into photosynthates (5) lipid composition of cells 
(permeability studies) (6) amino acids and organic acids metabolism. 

12. Goals for 1975-76: 

In order to determine the biochemical threshold levels of S02' the 
effects of S02 will be studied on the following mechanisms: 

1. Incorporation of H14C03 into photosynthetic products (photosynthetic 
efficiency) . 

2. Respiration of whole tissue by the use of Warburg apparatus. 
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3. Amino acid metabolism by the use of gas chromatography. 

4. Hrite-up and report the results obtained in 1974-75. 

5. Initiate gas phase studies on photosynthetic activity and 
respiration to confirm trends determined in aqueous phase 
studies. 

6. Effect of 502 on tissue permeability. 

7. Effect of 502 on total organic acids (organic acids are an 
important source of energy for various biochemical and 
physiological processes and are precursors for many cellular 
metabolites). 

13. Accomplishments in 1975-76: 

1. It was found that aqueous 502 inhibited the incorporation of 
H14C03 into the alcohol soluble fraction of carbohydrates in 
pine needles (photosynthetic activity) even at very low 
concentrations (the concentrations that do not show any visible 
symptoms). It is suggested that this breakdo~~ of chlorophyll 
molecules by 502 is reflected in the ability of pine needles 
to photosynthesize as measured by H1 4C0 3 fixation. 

2. The rate of intact tissue respiration followed almost the same 
pattern as photosynthetic activity. It appears that in the 
presence of 502' the lack of photosynthates may have an 
indirect effect on tissue respiration. 

3. In order to further explain the effect of 502 on photosynthesis, 
the levels of total amino acids in the tissue were determined. 
502 caused a significant drop in total amino acid content. 
The gas chromatographic analysis is in progress to determine 
effects of 502 on specific amino acids required for photo
synthetic activities. 

4. A part of the results from 1974-75 research work was written 
up and have been accepted for publication in New Phytologist. 

5. The gas phase studies of biochemical research could not be 
initiated due to unavailability of "pollution chamber". The 
contract for construction of the chamber has been let and 
delivery is expected in July-August, 1976. 



10' 
'.' ('J 

- 4 -

6. Since our electron microscopy work showed that low concentrations 
of SO? can drastically alter organization of chloroplast 
membranes (before the appearance of visual symptoms), the effect 
of S02 on tissue lipids (monogalactosyl diglycerides, digalactosyl 
diglycerides and sulfolipids) was determined. Extremely low 
concentrations of S02 resulted in highly significant drop in lipid 
biosynthesis. It has been reported that the above lipids may 
play a significant role in the permeability properties of the 
membranes. Our present work suggests that the lipid biosynthesis 
may be one of the primary sites of S02 action. This finding may 
provide us with an excellent tool for detecting the extent of 
S02 injury to vegetation. 

7. Organic acids are very important source of energy for synthetic 
processes such as lipid biosynthesis and are also precursors for 
many other metabolities. It was found that S02 has an inhibitory 
effect on the total organic acid content in pine needle tissue 
(exchange resin column chromatography studies). The gas 
chromatographic studies are being initiated to determine the 
effects on specific organic acids. 

N.B. Work under this study will be continued under NOR 24 
(Study 159) and study is terminated. 

14. Goals for 1976-77: 

Nil - Study terminated. 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Malhotra, S. S. and D. Hocking. Biochemical and cytological effects 
of S02 on plant metabolism (Review of World Literature). 
New Phytologist. In Press. 

Malhotra, S. S. Effects of S02 on biochemical activity and ultra
structural organization of pine needle chloroplasts. New 
Phytologist. In Press. 
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Hocking, D., S. S. Malhotra and R. Blauel. 1975. Environmental 
stress in the forest. Environ. Can., North. For. Res. Cent. 
For. Rep., Vol. 4, No.2. March. 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 



NOR-7-978 

CANADIAN FORESTRY SERVICE 

STUDY STATEHENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 4, 1976 

1. Project: Reduction of damage from pollutants in the atmosphere. 

2. Title: Effects of atmospheric effluents on sub-cellular structure 
of forest vegetation. 

3. New: X Cont: No. : NOR-7-978 

5. Study Leader: S. S. Halhotra. 

6. Key Words: sub-cellular structural organization, necrotic symptoms, 
electron microscopic analysis, aqueous sulphur dioxide, 
fixation, staining. 

7. Location of Work: Northern Forest Research Centre and University of 
Alberta, Edmonton. 

8. Problem: 

Sulphur dioxide is one of the most toxic constituents of polluted 
air. It has a great potential to cause irreversible damage to forest 
trees and other vegetation. Since there is not enough information 
available either on direct or indirect effects of S02 on plant life, 
regulatory agencies have difficulty in applying any meaningful and 
effective restrictions. Studies on this gas have been mostly limited 
to acute or chronic injuries. Low concentrations of S02 that do not 
produce any visible symptoms (before chronic injury symptoms) may 
affect growth by interfering with the sub-cellular structure. 

The mechanism of S02 action at the level of sub-cellular structure has 
not been studied in detail. At low concentrations, the effects of S02 
on vegetation may be due to (a) interference with some of the bio
chemical processes in plants, (b) interference with the sub-cellular 
structural organization, (c) combinations of (a) and (b). Integrated 
studies comprising biochemical (Study-7-974) and electron microscopic 
analysis would help to explain the effects of low lev~ls of S02 on 
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biomass production. The regulatory agencies when supplied with 
this vital information will be in a better position to set more 
rational levels of S02' 

9. Study Objectives: 

To determine the effects of S02 on sub-cellular organization and 
relate these results with those obtained by the biochemical 
studies (Study NOR-7-974). 

10. Resources: 

a. Starting date: 1974 
b. Estimated year of completion: Finished in 1975-76 
c. Estimated total Prof. man-years required: 0.6 (Including 1974-75) 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs:. Nil 
f. 1976-77 man-years Prof. Nil 

Supp. Nil 
Casual Nil 
Total Nil 

11. Progress to Date: 

The effect of various concentrations of aqueous S02 on sub-cellular 
structural organization was determined during 1974-75. 

12. Goals for 1975-76: 

1. Write up and report the results. Proposed title: "Effect 
of S02 on Hill reaction and ultrastructure in lodgepole pine". 

2. Terminate study. 

13. Accomplishments in 1975-76: 

1. The results were written up and reported. 
Effects of S02 on biochemical activity and 
organization of pine needle chloroplasts. 
(In Press). 

2. Study terminated. 

14. Goals for 1976-77: 

Nil (study completed) 

S. S. Malhotra. 
ultrastructural 
New Phytologist 
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15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Malhotra, S. S. Effects of 802 on biochemical activity and ultra
structural organization of pine needle chloroplast. New 
Phytologist (In Press). 

16. Signatures: 

Investl.gator Program Manager 

Director G. T. Silver 



NOR-7-979 

CANADIAN FORESTRY SERVICE 

STUDY STATEHENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 4, 1976 

1. Project: Reduction of damage from pollutants in the atmosphere. 

2. Title: The fate of atmospheric sulphur compounds. 

3. New: Cont. X 4. No.: NOR-7-979 

5. Study Leader: J. Baker 

6. Key Words: air pollution, sulphur dioxide, hydrogen sulphide, 
isotope partitioning, acid precipitation. 

7. Location of \vork: Region-wide. 

8. Problem: 

Industrial effluents discharged into the atmosphere in a number of 
locations have a real, imagined, or potentially deleterious effect 
upon adjacent trees and other plant life. Government agencies and 
the general public at all levels are expressing concern. Industrial 
groups are apprehensive as to restrictions which may be applied. 
Regulatory agencies in many instances lack essential scientific 
information describing cause and effect relations. Provincial 
government agencies, industry and the public request involvement by 
the Canadian Forestry Service in this environmental problem in the 
form of cooperative research programmes, detection and assessment 
surveys, and advisory services. 

Of particular concern to regulatory agencies is the potential long
term effect of atmospheric emissions. Predictions of long-term 
effect depend on an accurate and detailed understanding of the fate 
of the emissions: where do they go? 
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9. Study Objectives: 

1. Develop and apply methods for measurement of atmosphere-borne 
sulphur compounds wherever they are removed from the atmosphere: 
by sett1e-·out, by precipitation, and by active assimilation. 

2. Using data from (1) above, develop and refine a "sulphur budget" 
for an individual source of emissions. 

3. Apply "sulphur budgeting" to other sources for which data are 
available or can be gathered. 

10. Resources: 

a. Starting date: 1974 
b. Estimated year of completion: Not applicable 
c. Estimated total Prof. man-years required: 4 
d. Essential new major equipment items for 1976-77 with costs: 
e. Essential new major equipment items beyond 1977 with costs: 
f. 1976-77 man-years Prof. Nil 

Supp. Nil 
Casual Nil 
Total Nil 

11. Progress to Date: 

Nil 
Nil 

Plots have been established for the measurement of sulphur "sett1ing
out" and in rainfall near the Aquitaine Ram River gas plant and near 
Fort McMurray, in cooperation with Drs. M. Nyborg and F. Bentley 
(Soil Science, University of Alberta). A sampling programme has 
been initiated for the partitioning of atmosphere and soil contribu
tions to sulphur in vegetation. Separation is by characteristic 
stable isotope proportions determined by mass spectrometry, in 
cooperation with Dr. R. Krouse (Physics, University of Calgary). 

Determinations on samples collected in 1973-74 suggest significant 
direct uptake by atmospheric S02 by trees and lichens. Much more 
sulphate is present in intercepted than in open rainfall. Intercepted 
rain is also consistently significantly more acid. 

12. Goals for 1975-76: 

1. Continue collection of precipitation and settle-out data. 

2. Analyze further, carefullY partitioned soil, vegetation and 
atmospheric sulfation plate samples; for stable S isotope 
proportions from Aquitaine. 
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3. Collect similar samples from near other emission sources. 

13. Accomplishments in 1975-76: 

1. The precipitation and settle-out data were collected and 
reported. 

2. Soil, vegetation and atmospheric sulphation plate samples 
were analysed for stable S isotope proportions from Aquitaine 
and the results were reported. 

3. Due to staff resignation, other sample collection was suspended. 

N.B. The goals of this study are transferred to studies NOR-7-114 
and NOR-24-993 and study is terminated. 

Further results of the 75-76 work will be reported in the 
above studies in 1976-77. 

14. Goals for 1976-77: 

Nil - study terminated. 

15. Publications: 

Up to 1975-76 

Baker, J., D. Hocking and M. Nyborg. 1973. Effect of atmospheric 
sulphur dioxide on the pH or rain intercepted by forest 
trees. In: Hocking and Reiter (Eds.). Proceedings of 
a workshop on sulphur gas research in Alberta. NOR-X-72. 

Hocking, D. and M. Nyborg. 1974. The problem of soil acidification 
by sulphur dioxide. In: NOR-X-116. Proceedings of a 
workshop on reclamation of disturbed land in Alberta. 
D. Hocking and W.D. Macdonald (Eds.). 

1975-76 

Nyborg, M., J. Crepin, D. Hocking and J. Baker. 1975. Effect of 
S02 on precipitation and on the sulphur content and 
acidity of soils in Alberta, Canada. In: Proc. of the 
First International Symposium on Acid Precip. and Forest 
Ecosystems (Columbus, Ohio). 
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Nyborg, M., A. C. Dick, J. Crepin, R. F. Klemm, J. Baker and 
D. Hocking. 1975. Current results on the fate of 
atmospheric S02 and its effects on soil water and 
vegetation. In: Proceedings of the First International 
Symposium on Acid Precipitation and Forest Ecosystems 
(Columbus, Ohio). 

16. Signatures: 

I~estigator Program Manager 

Director G. T. Silver 



PROJECT NOR - 8 

Reduction of damage from disease causing agencies 



NOR-8-044 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1975 - 76 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 21, 1976 

1. Project: Reduction of damage from disease causing agencies. 

2. Title: Reduction of losses from canker and dieback. 

3. New: Cont. X 4. No.: NOR- 8-044 

5. Study Leader: H. Zalasky 

6. Key Words: Frost burl, frost canker and dieback, bark pitch 
pocket, low temperature, hyper-· and hypoplasia, 
interlocking and spiral grain, brachiate tracheids, 
sclereid-like cells, scabby bark, conifers, hardwoods. 

7. Location of Work: Region-wide. 

8. Problem: 

Studies of distribution of hosts and geographic distribution and 
the histology of the bark and wood damage by low temperature was 
undertaken in 1971 to define the impact and symptoms on trees of 
different species. Investigations included annual rejuvenating 
capability, development and maturation of still-living woody 
tissues in annual growth rings around the frost-canker, and freeze
killing of new abnormal tissues. In frost hollows and frost risk 
localities, frost cankers are perennial because of the annual 
monthly or seasonal pattern of freeze-thaw conditions. Freeze-thaw 
is defined as a drastic variation between the high temperature 
during the day, the low of the night and the high of the next day 
regardless of season or month of the year. The range in which 
diurnal temperatures are required to drop from a high to a low 
and rise again to effect damage in plant tissues is known from 
field observations and from cell biology experiments. In nature 
wind-chill may bring on a risk of frost even if the temperature 
is slightly above freezing such as 33° to 35°F. 

Physiographically our land mass, bordered by the cold pre-Cambrian 
Shield in the east and the Rockies in the west, rises sharply west
ward from the Manitoba escarpment. It is influenced by a cold 
Continental air mass pressure system from the Arctic and by a warm 
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air mass from the Pacific. The two systems bring about rapid 
diurnal freeze-thaws so common during the winter months along the 
eastern slopes of the Rockies with greatest turbulence and gusty 
winds. Risk of frost is also increased by radiation diurnal cooling 
in broad valleys throughout the region. Disked surfaces tend to be 
cold and raised surfaces warm; but on long slopes night frost 
settles at the bottom and top of the slopes, and the warm layer is 
sandwiched in between. Risk of frost injuries increases from east 
to west and the eastern slopes of the Rockies have the greatest 
instability of temperature. 

In reforestation, frost risk areas should be designated for wild-life 
use rather than timber because of stand openings and successions of 
herbaceous ground cover suitable for grazing. Such designations may 
be permanent, or temporary if a complete canopy cover is established. 
But trees with deformed crowns make a useful habitat for larger 
nesting birds rather than timber for fiber use. 

Low temperature damage may have some impact on redirection of disease 
appraisal, research on regeneration by natural or artificial means, 
and on some of the cultural practices such as hardening-off of 
seedlings, pruning, thinning and selection of adaptable species. 

9. Study Objectives: 

a. To assess variability of hardiness of poplar to frost canker and 
dieback for clones under field conditions. 

b. To provide advisory services to outside agencies on establishment 
and maintenance of planted poplars. 

c. To compile manuscript on role of winter injury and process of 
dieback and target canker formation. 

d. To study similar dieback and canker condition in other hardwoods 
and in conifers affected by low temperature damage under natural 
and artificial conditions. 

10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1971 
Estimated year of completion: 1973 Revised: 1976. 
Estimated total Prof. man-years required: 3 
Essential new major equipment items for 1976-77 with costs: 
Essential new major equipment items beyond 1977 with costs: 
1976-77 man-years Prof. 0.1. 

11. Progress to Date: 

Nil 
Nil 

Frost damage in woody stems results in a dual phenomenon that of 
killing areas of the cambium and of stimulating the uninjured cambium 
to produce chimera1 tissues or burl. The oblique and whorled 
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arrangement of these tissues, their disorientation from the 
longitudinal-radial arrangement of normal woody tissues, and their 
darker color characterizes the morphological features of chimeral 
bark and sapwood. The darker color is due to the gummy and 
resiniferous ray tissues most of which die and form a continuous 
overlay in the phloem and a continuous underlay in the sapwood. 
Burl sapwood is mostly cross-grained except for the upper part 
of the growth ring which may be straight grained. The phloem 
overlay of ray tissues in conifer and hardwood species 
investigated is also provided with a covering of pseudocork. 

The pseudocork has several layers of cells devoid of cell contents, 
the upper cells having dentate thick walls and recurvate lobes, 
and the lower layers of cells having angular thin walls. The 
rays within the phloem and sapwood contain two-cell types, regard
less of the species. The dead sclereid-like cells are empty and 
have thick netted walls and the living cells are isodiametric and 
often have tube-like structures protruding from the walls. 

In cell deformities, hyperplasia and hypoplasia of sapwood tissues, 
the somatic deviations induced by low temperature are very similar 
to that induced by the fungi, Keissleriella and Rhytidiella. 
However, these fungi do not induce an underlay of ray tissues in 
the sapwood and the rays within differ only in the structure of 
the sclereid-like cell which does not have a netted wall. The 
fiber tracheids in poplar occur less frequently in low temperature
induced than in fungus-induced chimeral sapwood. They appear, as 
in most chimeral tissues of hardwoods, more like the vascular 
tracheids with distinct pits but with or without rounded ends. 

During cell division, chimeral meristim becomes somatically distinct 
from the normal diploid cambial daughter cells by heteroploidy 
and fragmentation of chromosomes. Differentiated cells are 
distinct also due to changes in size and shape, in the presence 
of composite structures and in the arrangement and position of 
perforations in vessels. The composite structures are due to 
failure of cell plate formation during cell division. 

12. Goals for 1975-76 

1. To obtain pathognomic data on reconstruction of cambium, 
phloem and xylem of field treated trees in clearcut areas 
held by North Western Pulp and Power Ltd. and after treatments 
in the spring and fall of 1973. 

2. To determine duration and time of season when occlusion wood 
is formed. To be continued. 

3. To complete construction of an electronic cell and to determine 
the rate of loss and thermal diffusion from tissues adjacent 
to the target freezing area in the stem. 

1 r:,'. :J .: 
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4. To evaluate multinucleation and cellular aberration during the 
production and development of burl hyper- and hypoplastic 
tissues. 

5. To complete the following manuscripts for journal publication: 

a. Zalasky, H. Low temperature induced cankers and burls 
in test conifers and hardwoods. Can. J. Botany. 

b. Zalasky, H. Cell and tissue deformities in burl and 
canker induced experimentally by low temperature. 
Can. J. Botany. 

c. Zalasky, H. Septoria canker and leaf spot in test seedlings 
of native species of poplar. Can. J. Botany. 

d. Zalasky, H. Frost damage in poplar. Forestry Chron. 

e. Zalasky, H. 
poplar. 

Structure of burl tissues in frost canker of 
Can. J. Botany. 

f. Zalasky, H. Hyperplastic and hypoplastic tissues evaluated 
by aberration and diversity in nucleation and cell 
groupings. Can. J. Botany. 

g. Zalasky, H. Structural malformation in woody tissues of 
MaZus following experimental frost injury. Plant Sci. 

h. Zalasky, H. Frost injury in Caragana. Plant Sci. 

i. Zalasky, H. Chimeral xylem in galls of lodgepole pine 
caused by western gall rust, Endoaronartium harknessii. 
Can. J. Bot. 

j. Zalasky, H. Abscission tissues in twigs affected by early 
autumn frost. 

13. Accomplishments in 1975-76: 

5. a. 
b. 
c. 
d. 
e. 
f. 
g. 
h. 
1. 
j. 

Published. 
Data combined with (a) in final draft. 
With the author. 
Published. 
Resubmitted. 
Published. 
Accepted for publication with minor revision. 
Accepted for publication 
Accepted for publication 
Published. 

I II l 
u t,.1 
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14. Goals 1976-77: 

1. Complete publication of the following papers: 

a. Septoria canker and leaf spot in test seedlings of native 
species of poplar. Can. J. Botany. 

b. Structure of burl tissues in frost canker of poplar. 
Can. J. Botany. 

c. Abscission tissues in twigs affected by early autumn 
frost. 

15. Publications: 

Up to 1975-76 

1 '~,., 

Zalasky, H. 1972. Ukrainian-English Translation OOENV TR159 Ottawa. 
Winter injuries to woody species in the process of 
acclimitization. Ms. 14 pages. UkrainskYi Botanichnyi 
Zhurnal Vol. 22, No.5, 1965. Co-authored by Borzakivska, I.V. 
and T. K. Maiko. 1965 

Zalasky, H. 1973. Brachiate tracheids in deformed wood of Abies. 
Bi-Mon. Res. Notes 29, 23. 

Environment Canada, Can. For. Servo 1973. Septoria canker and 
leaf spot. Northern Forest Research Centre. Forestry Report 
3:3-4. 

Zalasky, H. 1973. Isolation and characteristics of sclereid-like 
cells in sapwood of Pinus PopuZus. Information Report 
NOR-X-48. 14 pp. Northern Forest Research Centre, Edmonton, 
Alberta. 

Environment Canada, Can. For. Servo 1974. Defect in poplar. 
Northern Forest Research Centre. Forestry Report 4:5. 

1975-76 

Zalasky, H. 1975. Chimeras, hyperplasia and hypoplasia in frost 
burls induced by low temperature. Can. J. Bot. 53, 
1888-1898. 

Zalasky, H. 1975. Low-temperature-induced cankers and burls in 
test conifers and hardwoods. Can. J. Bot. 53, 2526-2535. 
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Zalasky, H. 1975. Frost damage in poplar. Forestry Chronicle. 
In Press. 

Zalasky, H. Chimeral responses to frost injury in apple and mountain 
ash. Can. J. Plant Sci. In Press. 

16. Signatures: 

Program Manager 

Director G. T. Silver 

1~: t 



PROJECT NOR - 9 

Reduction of damage from insects 



NOR-9-023 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 20, 1976 

1. Project: Reduction of damage from insects. 

2. Title: Impact, biology and control of the spruce budworm in 
Alberta and Northwest Territories. 

3. New: Cont.: X 4. No.: NOR-9-023 

5. Study Leader: H. F. Cerezke 

6. Key Words: Choristoneura fumiferana, C. biennis, Picea glauca, 
sample, defoliation, clearcutting, regeneration, pheromone. 

7. Location of Work: Edmonton 

8. Problem: 

The recent large-scale outbreak of the spruce budworm in the prairie 
provinces, Yukon and NWT peaked in 1967-68 and declined over large 
areas in 1969-70. Smaller infestations have persisted since. 
Most infestations occurred in commercial mature-overmature white 
spruce stands along major river drainages and in several park and 
recreational areas. Defoliating damage during the outbreaks resulted 
in tree mortality, growth losses, dead tree tops, increased fire 
hazard and decreased aesthetic appearance, and caused concern to 
several agencies. In response to these, research efforts have been 
directed toward improving monitoring techniques, assessing hazard 
and examining control strategy. 

9. Study Objectives: 

1. Determine the biology and hazard of the budworm in northern 
spruce forests and suitable techniques for estimating its 
abundance. 

2. Determine the formulation of control measures when required. 

10. a Starting date: 1968 
b. Estimated year of completion: 1975, no new studies are planned 

but completion of this study and new requests transferred to 
NOR-9-l43. 

1 r~, " 0' ..... ~ «-
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c. Estimated total Prof. man-years required: Nil 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. Nil (H. Cerezke) 

Supp. 
Casual 
Total Nil 

11. Progress to Date: 

Assistance has been provided annually since 1968 to Alberta Forest 
Service for monitoring of budworm outbreaks in northern Alberta. 
Several reports with information on extent and severity of outbreaks, 
and tree damage impact have been prepared to assist AFS timber 
management planning. 

Impact studies of the budworm have been largely summarized in a 
technical report titled "Spruce bud worm impact studies in spruce 
forests of northern Alberta". 

Synthetic sex attractants have been field-tested in northern Alberta 
as part of a national study coordinated through Dr. C. Sanders, 
GLFRC. Results of these tests have been conveyed to Dr. Sanders 
and for annual preview by Eastern Spruce Budworm Working Committee. 

12. Goals for 1975-76 

1. Complete the proposed Information Report: "Spruce budworm impact 
studies in spruce forests of northern Alberta". 

2. Prepare a file report on the "Sex attractant trap tests of 
Choristoneura fumiferana in northern spruce forests of Alberta". 

3. Prepare a report for Bi-Monthly Res. Notes on "Spruce budworm 
development in northern Alberta in relation to spruce phenology 
and heat units". 

4. Terminate this Study and handle all new enquiries on spruce 
budworm under Study NOR-143 (973). 

13. Accomplishments in 1975-76 

1. Proposed Information Rep. "Spruce budworm impact studies in 
spruce forests of northern Alberta" completed with local 
editorial review. 

2. Field tests of sex attractants in 1975 completed and results 
summarized and conveyed to Dr. Sanders, GLFRC. Blend of 
pheromone mixture for optimum male moth catch near Fort McMurray, 
Alberta, was between 96-98% trans- and 2-4% cis-ll-tetradecenal, 
and was the same as general trend of catches in eastern Canada. 
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No time was available to prepare a file report for consolidating 
all previous years sex attractant tests. 

3. Proposed report for Bi-Monthly Res. Notes partially completed 
with analysis of new data and preparation of two graphs. 

4. Several new enquiries on spruce budworm summarized under 
NOR-1-143. 

5. Remaining goals transferred to NOR-1-143. 

14. Goals for 1976-77 

None, study terminated. 

15. Publications: 

Up to 1975-76 

Cerezke, H. F. 1971. 
Canada, Edmonton. 

Spruce budworm. 
1(4):7. 

Forestry Report, Environment 

Sanders, C. J., G. R. Daterman, R. F. Shepherd and H. F. Cerezke. 
1974. Sex attractants for two species of western spruce 
budworm, Choristoneura biennis and C. viridis (Lepidoptera: 
Tortricidae). Can. Ent. 106:157-159. 

16. Signatures: 

Investigator J Program Manager 

Director G. T. Silver 



NOR-9 -024 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 20, 1976 

1. Project: Reduction of damage from insects. 

2. Title: Biology and control of Warren's root collar weevil. 

3. New: Cont.: X 4. No.: NOR-9 -024 

5. Study Leader: H. F. Cerezke 

6. Key Words: Hylobius warreni, Pinus contorta var. latifolia, 
regeneration, growth reduction, stand treatments, 
B19, sampling. 

7. Location of Work: Alberta foothills, Edmonton. 

8. Problem: 

H. warreni is trans-Canadian in distribution, occurs in most 
native spruce and pine forests in the Prairie provinces and 
southern NWT, and is abundant on high productivity sites of 
lodgepole pine along the Alberta foothills and in moist 
sites of white spruce and jack pine in central Saskatchewan 
and western Manitoba. Healthy trees are attacked when a 
few years old and until mature. Girdling damage by larvae 
causes death of trees and growth losses, which may cumulate 
during life of tree. Damage has been most severe (up to 
63% mortality) in plantation-type situations, indicating this 
insect to be a potential economic pest during at least the 
first 30 years after seeding and planting. 

9. Study Objectives: 

Broad objective is to obtain information to make concrete 
recommendations for weevil control. Specific objectives are: 

1. To determine the subsequent population changes and damage 
patterns of the weevil in young pine stand subjected to 
thinning. 

2. Determine experimentally the relationship between amount 
of girdling and its effects on tree growth. 



- 2 -

10. Resources 

a. Starting date: 1960 
b. Estimated year of completion: 1975; remaining goals transferred 

to NOR-9-l43. 
c. Estimated Prof. man-years required: 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.0 

SUppa 
Casual 
Total 0.0 

11. Progress to Date 

Considerable background knowledge on the biology of H. warreni 
and its damage in lodgepole pine stands in Alberta has been 
accumulated from 1961 to 1972. A thesis, several reports and 
publications listed under item 15 summarize much of this 
information: 

A pilot study of the effects of thinning young lodgepole pine 
on subsequent changes in populations of the weevil, its 
cumulative damage and other side effects on tree growth was 
initiated in 1967, and is slated for completion in 1975. 
Data on weevil numbers, girdling damage and tree growth in 
thinned and control plots were gathered at 2-year intervals 
since 1967. 

12. Goals for 1975-76 

1. Resample thinned plots in 1975 for measurement of weevil 
populations and accumulated damage history since 1967. This 
will conclude field work on this Study. 

2. Complete preparation of the proposed journal publication: 
"The spatial and temporal patterns of distribution of the 
weevil, Hylobius warreni Wood in lodgepole pine stands in 
Alberta". 

3. Prepare first draft copies if time permits of: 

(a) "Behavior patterns of Hylobius warreni Wood in relation 
to mating, egg laying, feeding, dispersion and daily 
and seasonal activity". (Proposed Journal publ.). 

(b) Technical Report on H. warreni in the prairie provinces 
aimed at forest management agencies. 

4. Terminate this study and handle all future requests on 
H. warreni under NOR-9-l43 (973). 
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13. Accomplishments in 1975-76 

1. All thinned and control plots were resampled in fall of 
1975, and a preliminary summary report prepared of data 
accumulated since 1967. The main conclusions of the 
study appear to be as follows: 

a. Thinning effected a higher incidence of attacked trees 
than in control trees, and after 8 years, 55% of 
trees in thinned plots had one or more weevil wounds 
compared to 25% in control plots. 

b. Weevil numbers per tree rose gradually from 1969 to 
1975 in control plots, whereas in thinned plots they 
decreased slightly from 1967 to 1969, rose sharply from 
1969 to 1973, then declined. The declines may be a 
natural phenomenon associated with thinning, but may 
also relate to severe hail storm damage in 1967 and 1973. 

c. Weevil numbers per tree increased with tree diameter but 
were more linearly related to diameter in thinned than in 
control plots. 

d. On trees with stem girdling, the amount of root-collar 
circumference girdled in thinned plots decreased with tree 
diameter consistently in 1971, 1973 and 1975, and was on 
the average lower (24.2%) than on control trees (av. 31.7%). 

e. While more trees were attacked and weevil density per 
tree and per acre was apparently higher on thinned trees, 
average radial growth was still higher than on control 
trees; effects of thinning on increased growth rate 
appeared to have more than compensated for increased 
weevil populations and damage. In this stand, thinning 
at age 25 years and about 6-ft spacing did not appear 
to appreciably alter through weevil damage the benefits 
gained by thinning. Thinning at an earlier age 
(i.e., 10-15 years) on high productivity sites would 
likely have resulted in more severe tree damage. 

2, 3. No progress made toward preparation of publications for 
lack of time. 

4. All new requests in 1975 handled under NOR-9-l43. 

5. Remaining goals transferred to NOR 9-143. 

14. Goals for 1976-77 

None, study terminated. 
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15. Publications: 

Up to 1975-76 

Cerezke, H. F. 1967. A method for rearing the root weevil, 
HyZobius warreni (Coleoptera: Curculionidae). Can. Ent. 99:1087-1090. 

Cerezke, H. F. 1969. The distribution and abundance of the 
root weevil, Hylobius warreni Wood in relation to lodgepole 
pine stand conditions in Alberta. Ph.D. thesis, 
University of British Columbia, xvii + pp. 221. 

Cerezke, H. F. 1970. A method for estimating abundance of the 
weevil, Hylobius warreni Wood, and its damage in lodgepole 
pine stands. For. Chron. 46:392-396. 

Cerezke, H. F. 1970. Biology and control of Warren's collar 
weevil, Hylobius warreni Wood, in Alberta. Internal Report 
A-27. pp. 28. 

Cerezke, H. F. 1972. Survey report of the weevil, Hylobius 
warreni Wood, in the foothills of Alberta. Internal Report 
A-38. pp. 40. 

Cerezke, H. F. 1972. Effects of weevil feeding on resin duct 
density and radial increment in lodgepole pine. Can. J. 
For. Res. 2:11-15. 

Cerezke, H. F. 1973. Some parasites and predators of HyZobius 
warreni in Alberta. Bi-monthly Res. Notes 29:24-25. 

Cerezke, H. F. 1973. Survival of the weevil, Hylobius warreni 
Wood, in lodgepole pine stumps. Can. J. For. Res. 3:367-372. 

Cerezke, H. F. 1973. Bark thickness and bark resin cavities on 
young lodgepole pine in relation to Hylobius warreni Wood 
(Coleoptera:Curculionidae) Can. J. For. Res. 3:599-601. 

Cerezke, H. F. and V. Hildahl. 1973. Insect and rodent damage 
associated with regeneration. Forestry Report 3(2):2-3. 

Cerezke, H. F. 1974. Effects of partial girdling on growth in 
lodgepole pine with application to damage by the weevil 
Hylobius warreni Wood. Can. J. For. Res. 4:312-320. 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 



NOR-9-061 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 20, 1976 

1. Project: Reduction of damage from insects. 

2. Title: Larch sawfly biological control 

3. New: Cont.: X 4. No.: NOR-9-06l 

5. Study Leader: J. A. Muldrew 

6. Key Words: Pristiphora erichsonii, OZesicampe benefactor, MesoZeius 
tenthredinis, Mesochorus dimidiatus, parasites, 
encapsulation, hyperparasites, Larix, Boreal Region "B". 

7. Location of Work: Throughout Northern Forest Region. 

8. Problem: 

This study is an attempt to control the larch sawfly by the intro
duction of exotic biotic natural enemies. Tamarack is the fastest 
growing conifer in the Boreal forest. If protection from the larch 
sawfly could be obtained there would undoubtedly be an increased use 
of tamarack for pulpwood, sawtimber, piling, poles, ties, veneer, etc., 
and its use in forest plantings would increase. Moreover, with sawfly 
control, Larix spp. would be used more frequently in park, boulevard 
and home-ground ornamental plantings. The benefits from success would 
be reduced mortality of tamarack and appreciable increases in the 
total incremental growth of tamarack and western larch. The increased 
vigor of tamarack would allow it to better fulfill its role in the 
ecology of the forest as a pioneer species invading areas not pre
viously occupied by trees. 

The project is a success to date in that host populations have been 
reduced to a low level in the areas where the parasite has been 
present for five or more years. 

Because of the success in Manitoba, releases of o. benefactor have 
been made in New Brunswick, Nova Scotia, Prince Edward Island, 
Maine and Minnesota and consideration is being given to making 
releases in British Columbia and in the larch plantations of southern 
Ontario. 
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9. Study Object Lves: 

1. To achieve biological control of the larch sawfly. 

2. To contribute to the population dynamics study of the larch 
sawfly by determining the factors affecting parasite effectiveness, 
abundance and impact. 

3. To monitor the spread of OZesicampe benefactor from release points 
in Manitoba, Saskatchewan, Alberta and the Northwest Territories. 

4. To monitor the incidence of parasitism of o. benefactor by the 
hyperparasite Mesochorus dimidiatus Holmgren. 

10. Resources: 

a. Starting date: 1950 
b. Estimated year of completion: 1975 Revised: 1977 
c. Estimated total Prof. man-years required: 0.2 
d. Essential new major equipment items for 1976-77 with costs: 
e. Essential new major equipment items beyond 1977 with costs: 
f. 1976-77 man-years Prof. 0.2 (J.A. Muldrew) 

Supp. 0.1 (R.M. Smith) 
Casual 
Total 0.3 

11. Progress to Date: 

The death of MesoZeius tenthredinis eggs in the resistant larch 
sawfly strain was found to be due to their encapsulation by host 

Nil 
Nil 

blood cells. The spread of the resistant strain from Manitoba almost 
to the limits of tamarack was monitored. A strain of M. tenthredinis 
from Bavaria was found to have a greater ability to avoid encapsula
tion in the resistant sawfly than had the "native"strain. Hybridi
zation experiments showed this ability was transmitted as a dominant 
factor. Releases of this strain in Manitoba have resulted in lower 
levels of encapsulation and a progressively increasing percentage 
parasitism by M. tenthredinis. From 1961 to 1964, six species of 
parasites from overseas were released. One of these, OZesic~e 
benefactor, is well established. Parasites reared from hosts collected 
in Manitoba have been successfully relocated in Saskatchewan, New 
Brunswick, Nova Scotia and Maine. Where first released, parasitism 
reached a high level within three to four years and has remained high. 
Host densities have progressively decreased and life table data indicate 
that o. benefactor has played a key role in causing this. The parasite 
is dispersing well. Studies were completed on differentiating the 
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smaller hosts parasitized by O. benefactor from the larger normal 
hosts. The hyperparasite Mesochorus dimidiatus~ which attacks 
O. benefactor in Europe, has been recovered from most release points 
in Canada. Studies in cooperation with the Entomology Research 
Institute, Ottawa, revealed that the hyperparasite had a holarctic 
distribution before O. benefactor was released in America. 

Maximum detected dispersal from the Pine Falls release point was 1.8 miles in 
1967, 8.3 miles in 1968, 45 miles in 1969 and 65 miles in 1970. In 1971 a 
spectacular apparent increase in dispersal was found; O. benefector being re
covered at Ignace~ Ontario 225 miles from the release point. In 1972 an ex
tension of 50 miles beyond this was detected. A survey made in 1974 indicated 
that dispersal had not increased greatly over that of 1972. Possible 
explanations were low host densities resulting in low parasite densities, 
adverse effects of the hyperparasite M. dimidiatus and absence of weather 
conditions required for long distance dispersal. A marked decrease in 
larch sawfly populations occurred throughout southeast Manitoba and 
northwest Ontario beginning in 1972. At the Pine Falls release point 
populations decreased progressively from over 500,000 per acre in 1964 
to 871 in 1972 to 0 in 1973 and 1974. The decrease in sawfly populations 
in southeastern Manitoba occurred in spite of high rates of attack by 

'M. dimidiatus on o. benefactor eg.94% at Elma in 1974; 63% at South 
Junction and 96% at McMunn. 

Dispersal of O. benefactor from a release made near The Pas, Manitoba, 
in 1968 was given special attention since it may prove to be a suitable 
location for future mass collections of O. benefactor. A heavy sawfly 
infestation has occurred 40 miles south of the release point for several 
years. By 1974 O. benefactor had dispersed 10 miles south of the 
release point and M. dimidiatus had not been detected in this area. 

Parasitism by the Bavarian strain of M. tenthredinis in the Rennie plot 
decreased from a high level in 1970 to a low level in 1972 as 
o. benefactor moved in and increased to a high rate of attack, indicating 
that M. tenthredinis discriminates against hosts already attacked by 
O. benefactor as was found by workers in Europe. 

12. Goals for 1975-76: 

1. To complete publications, the tentative titles of which are: 

a.Dispersal of the introduced larch sawfly parasite,Olesi~ampe 
benefactor from the Pine Falls release point, 1966 to 1974. 

b. History and etiology of two major continental outbreaks of 
the larch sawfly in North America. 
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2. a. To monitor the 1972 release points in Alberta and the N.W.T. 
and the 1973 release near Ellscott for establishment of 
O. benefaotor by collection larvae both for rearing to the 
cocoon stage and for preservation for parasitism estimation 
by the clearing technique. 

b. To report on the release program for O. benefaotor in Alberta 
and the N.W.T. as the results warrant. 

3. To monitor the dispersal of O. benefaotor and M. dimidiatus in 
western Manitoba and Saskatchewan. 

4. To report on the survey for O. benefaotor made in Manitoba and 
Ontario in 1974. 

13. Accomplishments in 1975-76: 

1. a. Title changed to "Dispersal and impact of the introduced larch 
sawfly parasites, OZesioampe benefaotor and MesoZeius 
tenthr>edinis from 1966 to 1974 in Central Canada". Manuscript 
is partly completed. Summarization of data and preparation in 
map form not yet finished. 

b. Withdrawn. 

2. a. Collections were made at the three 1972 Alberta release points. 
Parasitism by O. benefaotor, based on cocoon size, at Jarvie 
was 41% for 175 cocoons. Parasitism here in 1973 was estimated 
at 34%. At Grovedale the attack rate for O. benefaotor was 
63% for 102 cocoons reared. In 1973 the estimate was 82% for 
a small sample of 11 larvae. Larch sawfly populations at Primrose 
Lake have been extremely low since 1972 and a collection of 6 
larvae made on Aug. 7th, 1974, was the first post-release sample. 
None of these larvae were parasitized by O. benefaotor. Sawfly 
populations at Hay River, N.W.T., were again extremely low and 
no sawflies were collected. At Ellscott, Alberta, where releases 
were made in 1973, parasitism of 288 reared sawflies was 61% by 
O. benefaotor. The attack rate here in 1974 was 14%. Sawfly 
populations decreased considerably at this location in 1975. 

A small release of 124 O. benefaotor adults (73 mated females) 
was made near abed Lake, Alberta, on July 4th and 8th, 1975. 
Eight cocoons collected here on Aug. 6th showed 87% parasitism. 

b. This information will be summarized in the publication listed 
in 1 (a). 
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3. Only a few collections were received from southeastern Manitoba. 
Larch sawfly populations remain very low. Attack rates by 
O. benefactor appear to be lower than in 1974. Some evidence was 
obtained of an appreciable degree of encapsulation of O. benefactor 
larvae by the larch sawfly in a collection from McMunn, Manitoba. 
Prior to this encapsulation of these larvae had been found only 
extremely rarely. 

At The Pas, Manitoba,dispersal of O. benefactor to the north end 
of "The Bog" was detected, 35 miles south of the release point. 
At Freshford, 13 miles south of the release point, parasitism was 
39% but the rate of attack dropped off rapidly south of this point. 

4. A report on the 1974 survey for O. benefactor was completed. A 
total of 14,600 cocoons were reared. Samples removed for dissection 
and rearings indicated an expected emergence of 2,074 M. dimidiatus~ 
341 O. benefactor~ 604 B. harveyi and 249 larch sawfly adults. 
Estimated percentage attack on O. benefactor by M. dimidiatus was 
96 at McMunn, 94 at Elma and 51 at South Junction, Manitoba. 
Encapsulated O. benefactor larvae were found in about half of 38 
fourth- and fifth-instar larvae from McMunn, that had been attacked 
by this parasite. 

14. Goals for 1976-77: 

1. Completion of the paper "Dispersal and impact of the introduced 
larch sawfly parasites, OZesicampe benefactor and MesoZeius 
tenthredinis from 1966 to 1974 in Central Canada". 

2. To survey the McMunn location and locations approximately five 
miles to the east and to the west to determine if the encapsulation 
of O. benefactor larvae found there was anomolous or characteristic 
of this population. 

15. Publications: 

Up to 1975-76 

Muldrew, J. A. 1950. MesoZeius auZicus, a parasite of the larch sawfly. 
Bi-Mon. Prog. Rep., Can. Dept. Agric. 6(6):2. 

Muldrew, J. A. 1953. The natural immunity of the larch sawfly 
(Fristiphora erichsonii (Htg.» to the introduced parasite 
(MesoZeius tenthredinis Morley), in Manitoba and Saskatchewan. 
Can. J. Zool. 31:313-332. 



- 6 -

Muldre\v, J.A. 1955. Parasites and insect predators of the larch 
sawfly. Can. Ent. 87:117-120. 

Muldrew, J.A. 1956. Some problems in the protection of tamarack 
against the larch sawfly, Pristiphopa erichsonii (Htg.). 
For. ehron. 32:20-29. 

Muldrew, J.A. 1964. Liheration of Bavarian MesoZeius tenthpedinis 
(Morl.) against the larch sawfly. Bi-Mon. Prog. Rep., 
Can. Dep. For. 20(2):2-3. 

Turnock, W.J. and J.A, Muldrew. 1964. Liberations of additional 
species of parasites against the larch sawfly. Bi-Mon. Prog. 
Rep., Can. Dep. For. 20(2):3. 

Muldrew, J.A. 1964. The biological control program against the 
larch sawfly. Proc. Ent. Soc. Man. 20:63. 

Muldrew, J .A. 1965. The bidogical control program against the 
larch sawfly. Proc. North Cent. Br. Ent. Soc. Amer. 20:157. 

Muldrew, J.A. 1967. Biology and initial dispersal of OZesicampe 
(HoZocpemnus) sp. nr. nematopum (Hymenoptera:Ichnenmonidae), 
a parasite of the larch sawfly recently established in Manitoba. 
Can. Ent. 99:312-321. 

Elliott, K.R. and J.A. Muldrew. 1967. A knockdown metal cage for 
rearing larch sawfly larvae. Can. Ent. 99(3) :321-323. 

Hinks, J.D. and J.A. Muldrew. 1968. Clearing and staining insect 
larvae to detect internal parasites. Manitoba Ent. 2:81-84. 

Turnock, W.J. and J.A. Muldrew. 1971. Pristiphopa erichsonii (Hartig), 
larch sawfly (Hymenoptera:Tenthredinidae). In: Biological 
control programmes against insects and weeds in Canada 1959-
1968. Commonw. Inst. Biol. Contr. Tech. Commun. 4:175-194. 

Turnock, W"T. and J.A. Muldrew. 1971. Parasites. In: Toward 
Integrated Control. Proceedings of the Third Annual North
eastern Forest Insect Hork Conference, New Haven, Connecticut. 
February 17-19, 1970. 59-87. 

Turnock, W.J. and J.A. Muldrew. 1973. Characteristics of Bessa 
harveyi (Diptera:Tachinidae) suggesting the historic intro
duction of the larch sawfly to North America. Manitoba Ent. 
6:49-53. 

Muldrew, J.A. 1973. Larch sawfly, a biological control success story. 
Forestry Report, Can. For. Serv., Edmonton. 3(2):1-2. 

Reports 

Muldrew, J.A. 1953. Population studies on Bessa harveyi. Bi-Mon. 
Prog. Rep., Dep. of Agric. 9(3):2. 
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Muldrew, J. A. 1959. Studies on the distribution and inheritance of 
the resistance of the larch sawfly to MesoZeius tenthredinis 
Morley. Interim Rept., For. BioI. Lab, Winnipeg. pp. 52. 

Turnock, W. J. and J. A. Muldrew. 1964. Biological control attempts 
against the larch sawfly, Pristiphora erichsonii (Htg.) in 
Manitoba, 1961-1963. Inf. Rep., For. Ent. Lab., Winnipeg. pp. 40 

Muldrew, J. A. and W. J. Turnock. 1965. Biological control attempts 
against the larch sawfly, Pristiphora erichsonii (Htg.), 1964. 
Interim Res •. Rep., Forest Ent. Lab., Winnipeg. pp. 35. 

Muldrew, J. A. 1965. Biological control against the larch sawfly 
Pristiphora erichsonii (Htg.) in Canada. Interim Res. Rep., 
Forest Ent. Lab., Winnipeg. pp. 73. 

1975-76 
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NOR-9-098 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 20, 1976 

1. Project: Reduction of damage from insects. 

2. Title: Natural control of the larch sawfly. 

3. New: Cont.: X 4. No.: NOR-9-098 

5. Study Leader: W.G.H. Ives 

6. Key Words: Pristiphora erichsonii, Larix, population dynamics, 
ecosystem modelling, biological control. 

7. Location of Work: Manitoba and Edmonton. 

8. Problem: 

Since 1940, defoliation by the larch sawfly has severely affected 
larch growth and survival throughout Canada. Because of these 
attacks, larger trees have died - younger trees have failed to 
produce normal growth. Unless methods of preventing larch sawfly 
attacks can be developed, large areas of land will continue to 
be unproductive and planting programmes utilizing larch for 
fibre production or aesthetic purposes cannot be encouraged. 

The large body of data amassed since the study of larch sawfly 
population dynamics was started in 1956 has never been thoroughly 
analyzed. This study was established to undertake these analyses. 

9. Study Objectives: 

1. To elucidate the population dynamics of the larch sawfly by 
exploring the ecological relationships between the insect 
and its environment. 

2. To expose possible methods of reducing the damage done by the 
larch sawfly. 

3. To determine the effects of sawfly defoliation of host stands. 

., F • 
~ . . r. f: 
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10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1966 
Estimated year of completion: 1976 
Estimated total Prof. man-years required: 0.1 
Essential new major equipment items for 1976-77 with costs: 
Essential new major equipment items beyond 1977 with costs: 
1976-77 man-years Prof. 0.0 (W.G.H. Ives) 

Supp. 
Casual 
Total 0.0 

Nil 
Nil 

11. Progress to date: 

Field work on this study was terminated in 1973. Since then, data 
have been edited, analyses conducted, and a draft manuscript 
prepared. 

12. Goals for 1975-76: 

1. Complete the revision of the above manuscript and submit it 
for publication (probably as a Departmental Publication). 

2. Examine ancillary data on other invertebrates for possible 
inter-relationships. If any found, consider if results 
warrant publication. 

13. Accomplishments in 1975-76 

1. A manuscript titled "The dynamics of larch sawfly populations 
in southeastern Manitoba" has been accepted by the Canadian 
Entomologist. 

The population and related data collected during the life 
of this study have been summarized into two file reports 
that will be made available to serious students of 
population dynamics. 

2. Two notes, based on ancillary data, have been prepared and 
submitted to the Canadian Entomologist. 

3. The study was terminated. 

14. Goals for 1976-77: 

None. Study terminated. 
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15. Publications: 

Up to 1975-76 

Anonymous. 1964. Larch Investigation Team of Winnipeg. 
Population dynamics of the larch sawfly. Can. Ent. 
96: 160-161. 
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southeastern Manitoba. Jour. Mammal. 38:87-97. 

Buckner, C. H. 
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1957. Home range of Synaptomys cooperi. 
38:132. 

Buckner, C. H. 1958. Mammalian predators of the larch sawfly 
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(1956) 4:353-361. 

Buckner, C. H. 1959. Mortality of cocoons of the larch sawfly, 
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Buckner, C. H. 1959. The assessment of larch sawfly cocoon 
predation by small mammals. Can. Ent. 91:275-282. 

Buckner, C. H. 1964. Metabolism, food capacity and feeding 
behaviour in four species of shrews. Can. J. Zool. 42:259-279. 

Buckner, C. H. 1966. Populations and ecological relationships 
of shrews in tamarack bogs of southeastern Manitoba. 
J. Mammal. 47:181-194. 

Buckner, C. H. and W. J. Turnock. 1965. Avian predation on 
the larch sawfly Pristiphora erichsonii (Htg.) (Hymenoptera: 
Tenthredinidae). Ecology 46:223-236. 

Heron, R. J. 1960. The relative effects of cocoon submergence 
on the mortality of the larch sawfly, Pristiphora erichsonii 
(Hymenoptera:Tenthredinidae) and its parasite Bessa harveyi 
(Diptera: Tachinidae). Ann. Ent. Soc. Am. 53:476-481. 

Heron, R. J. 1961. A note on temperature and postdiapause 
development of the larch sawfly and its parasite 
(Tnsd.). Can. Ent. 93:431-433. 

Heron, R. J. 1966. The reproductive capacity of the larch 
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Can. Ent. 98:561-578. 

Heron, R. J. 1967. Heat tolerance of last-instar larvae of the 
larch sawfly. Can. Ent. 99:1150-1156. 
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(Hymehoptera:Tenthredinidae). Can. Ent. 100:470-475. 

Heron, R. J. 1971. Temperature tolerance of pronymphs and 
pupae of the larch sawfly. Can. Ent. 103:1153-1155. 

Heron, R. J. 1972. Differences in postdiapause development 
among geographically distinct populations of the larch 
sawfly, Pristiphora erichsonii (Hymenoptera:Tenthredinidae) 
Can. Ent. 104:1307-1312. 

Hinks, J. D. and J. A. Muldrew. 1968. Clearing and staining 
insect larvae to detect internal parasites. Manitoba 
Ent. 2:81-84. 

Ives, W.G.H. 1955. Estimation of egg populations of the 
larch sawfly. Can. J. of Zool. 33:370-388. 

Ives, W.G.H. 1958. Foliage and shoot production of tamarack 
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Pristiphora erichsonii (Hartig). Proc. Tenth Int. Congr. 
Ent. (1956) 4:407-416. 

Ives, W.G.H. 1959. A technique for estimating tamarack foliage 
production, a basis for detailed population studies of the 
larch sawfly. Can. Ent. 91:513-519. 

Ives, W.G.H. 1960. Developmental rates of larch sawfly 
(Pristiphora erichsonii (Htg.» larvae in an insectary and 
in field shelters. Can. Ent. 92:668-674. 

Ives, W.G.H. 1962. Population and mortality assessment during 
the egg and larval stages of the larch sawfly, Pristiphora 
erichsonii (Htg.).Can. Ent. 94:256-268. 

Ives, W.G.H. 1963. Effects of defoliation on survival of the 
larch sawfly Pristiphora erichsonii (Htg.). Can. Ent. 
95:887-892. 

Ives, W.G.H. 1967. Relations between invertebrate predators 
and prey associated with larch sawfly eggs and larvae on 
tamarack. Can. Ent. 99:607-622. 

Ives, W.G.H. 1967. Determination of premature larval drop and 
other causes of larch sawfly mortality. Can. Ent. 99:1121-1131. 

Ives, W.G.H. 1968. Larch sawfly survival in relation to water 
levels and microtopography in tamarack bogs. Can. Ent. 
100:373-385. 

Ives, W.G.H. and L. D. Nairn. 1966. Effects of defoliation on young 
upland tamarack in Manitoba. For. Chron. 42:137-142. 
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Ives, W,G.H. and L. D. Nairn. 1966. Effects of water levels 
on over-wintering survival and emergence of the larch 
sawfly in a bog habitat. Can. Ent. 98:768-777. 

Ives, W.G.H. and W. J. Turnock. 1959. Estimation of cocoon 
populations of the larch sawfly, Pristiphora eriohsonii 
(Htg.) Can. Ent. 91:650-661. 

Ives, W.G.H., W. J. Turnock, C. H. Buckner, R. J. Heron and 
J. A. Muldrew. 1968. Larch sawfly population dynamics: 
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in forest trees and effects of insect defoliation. Forest 
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Turnock, W. J. 1957. A trap for insects emerging from the soil. 
Can. Ent. 89:455-456. 

Turnock, W. J. 1960. Estimation of adult populations of the larch 
sawfly, Pristiphora eriohsonii (Htg.) Can. Ent. 92:659-662. 

Turnock, W. J. 1960. Ecological life history of the larch 
sawfly, Pristiphora eriohsonii (Htg.) (Tenthredinidae: 
Hymenoptera) in Manitoba and Saskatchewan. Can. Ent. 
92:500-516. 

Turnock, W. J. 1972. Geographical and historical variability in 
population patterns and life systems of the larch sawfly. 
(Hymenoptera:Tenthredinidae). Can. Ent. 104:1883-1900. 

Turnock, W. J. and W.G.H. Ives. 1957. An instrument for measuring 
the radii of tree crowns. For. Chron. 33:355-357. 

Turnock, W. J. and W.G.H. Ives. 1962. Evaluation of mortality 
during the cocoon stage of the larch sawfly, Pristiphora 
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Turnock, W. J. and J.C.E. Melvin. 
(Tnsd.) (Diptera:Tachinidae). 

1963. The status of Bessa harveyi 
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Information Report MS-X-15 Forest Research Laboratory, Winnipeg, 
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Buckner on the same topic. Can. Ent. (In press). 

Ives, W. G. H. Trends in population of three species of sawfly 
infesting tamarack in southeastern Manitoba (Hymenoptera: 
Tenthredinidae). Submitted to Can. Ent. 
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NOR-9-132 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 20, 1976 

1. Project: Reduction of losses from insects. 

2. Title: Controls for pests of shade, shelterbelts and ornamental 
trees and shrubs. 

3. New: Cont.: X 4. No.: NOR-9-l32 

5. Study Leader: J. Drouin 

6. Key Words: Efficacy, spraying toxicology, pesticides, registrations, 
residuals, formulations. 

7. Location of Work: Prairie Region. 

8. Problem: 

Insects and disease cause injury and/or mortality to ornamentals, 
shrubs and shade tree plantings. Economically these high cost 
plantings have amenity values greatly surpassing their forest 
counterparts resulting in more frequent requests to the Canadian 
Forestry Service concerning their condition. Frequently controls 
known to be safe and effective cannot be subscribed because they 
are not registered for the specific organism. All chemicals must 
be registered by Federal law, through Canadian Department of 
Agriculture, Ottawa. 

Many chemicals (including microbials) are known to be effective and 
biologically safe but are registered for a very limited number of 
pests. In most instances there is a need to obtain additional 
field data before these chemicals can be recommended for use against 
other pests. The most important part of the study will involve 
gathering the necessary technical data to support Canadian registra
tion of the successful candidate materials. 

Resource managers in parks and recreation areas and citizens in 
both urban and farm locations expect the Canadian Forestry Service 
to provide information on the occurrence of pests, their damage 
potential and more importantly on effective, low cost, low hazard 
control measures that are non-damaging to the environment. An 
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integrated approach by supplementing natural means with chemical 
or biological controls is not only warranted but essential. 

This study serves as a vehicle for the expansion of work on pest 
problems under a single coordinating project. Studies anticipated 
to extend longer than three (3) years will not be initiated. 

Where controls are not feasible, or economically or biologically 
justified, such will be reported and included in Canadian 
Forestry Service control recommendations to the chemical firms. 

A shade and shelterbe1t pest priority outline has been established 
and is subject to annual review to meet current demands. The 
target pests have been selected from those recommended by the 
Canadian Forestry Service field staff, the Western Committee on 
Crop Pesticides and as compiled by the Chemical Control Research 
Institute. 

The programme initiated in 1972 was primarily spray applications 
with a mist blower and numerous soil drenches and bark paint 
evaluations. Field trials using these methods will continue in 
1973. particularly in the soil drench and bark paint evaluation 
techniques using systemics (tests have proven very successful) as an 
effective, low hazard, (drift) low cost, (minimal equipment) control. 

During 1973 field trials will also be expanded to the use of a newly 
designed, specialized high pressure, hydraulic ground sprayer unit 
with 4 interconnected 45 gallon stainless steel tanks enabling 
the operator to conduct multiple efficacy trails concurrently at 
one location. 

A schematic of other organizations in relation to chemical controls 
of insects and diseases. 

I N.F.R.C. I 
-·------~~-~~~~-I~:~C-.C-.-R-.-I-.~I 
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Plant Prod. Div. 
Control Prod. 
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9. St~~Objectives: 

1. To develop control methods for pest or disease problems using 
chemical, microbial and/or integrated control methods. 

2. Efficacy trials for various dosages and formulations timing 
and to determine percent mortality of target species and 
phytotoxicity. 

3. Provide data to aid registration recommendations for selected 
chemical products. 

10. Resources: 

a. Starting date: 1972 
b. Estimated year of completion: 1974 Revised: 1978 
c. Estimated total Prof. man-years required: 0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 

11. Progress to Date: 

Supp. 1.9 (J. Drouin 0.9 D. Kusch 1.0) 
Casual 
Total 1. 9 

Implemented a viable working unit, established contacts at the 
Federal, Provincial levels, municipal agencies and private industries 
involved in the use, manufacture and distribution of pesticides 
and related products. Determined and selected safety clothing, 
equipment, ground spray instruments, techniques and methods. 
Established a pest priority list of 13 insect species requiring 
control recommendations. In 1972, conducted 59 efficacy tests 
consisting of mist blower, soil drench and bark paint applications. 
Analyzed the data, summarized the results and submitted performance 
reports to 9 chemical firms, a report of treatments and conclusions 
to the Western Committee on Crop Pesticides and prepared a file 
report NOR-Y-66. In 1973, 25 insecticides were tested at 99 field 
treatments on 20 insect species using hydraulic mist blower, 
Ultra low volume, soil drench and bark paint applications. 
Collaborated with C.C.R.I., C.W.S. and Fisheries Research (Manitoba) 
on large scale spruce budworm aerial and ground sprays with 
insecticides and microbials and evaluation of air-emulsion spray 
adjuvants and song/game birds and small mammals censusing. Analysed 
the data, submitted performance reports to 14 chemical firms, 
report of tests, conclusions and recommendations to W.C.C.P., report 
on insecticide field development to joint Can. Ent./ 
Alta. Ent. Societies at Banff, input into technical sessions on 
Biocides for the Alta. Environmental Conservation Board. Prepared 
Information Report NOR-X-8l and special report to C.C.R.I. on Furadan 
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(carbofuran) tests for proposed registrations. During 1974, 
6 insecticides were being considered for registration as a 
result of 77 efficacy tests of 26 pesticides. 

Analyzed the data and submitted performance reports to 14 
chemical firms, submitted a summary of pesticide efficacy 
tests from 1972-74 (230 treatments) to the Pesticide Research 
Report (C.C.P.U.A.), a report to the American Phytopathological 
Society for publication in the Fungicide and Nematicide Tests 
for 1974 and a report of tests with conclusions and recommenda
tions to the Western Committee on Crop Pesticides. 

12. Goals for 1975-76 

1. A large number of insecticides (33) tested since 1972 
require one more year of field trials to complete the data 
required prior to proposing registrations. Of these, 17 
show promise; Cygon 4E, Thiodan 4E, Sevin 50 WP, Galecron 
50 EC, Lannate L, Basudin 50 EC, Supracide 40 EC, Imidan IE, 
Nexion 25W, Lorsban 25 WP, Malathion 50EC, Volaton 50EC, 
Orthene 75WP, K-840, Baygon 1.5 EC,Gardona 75 WP and RH 
218 50 EC. 

2. Complete boxelder twig borer control studies with foliar 
sprays, foaming adjuvants and efficacy of some contact/ 
systemic insecticides. 

3. Biology, chemical control of the chokecherry midge 
Contarinia virginianiae (Felt) with foliar spray and system
ic insecticides. (requested by W.C.C.P.) 

4. Continue foliar spray and soil drench treatments on yellow
headed spruce sawfly. 

5. Foliar spray applications for control of birch leaf miner 
to determine timing, dosage of successful candidate 
chemicals. 

6. Continue evaluations of foaming (air-emulsion) spray 
adjuvants and hardware to obtain data for registration. 

13. Accomplishments in 1975-76 

1. Completed data requirements on 17 insecticides to support 
registration,--these are: Cygon 4E, Thiodan 4E, Sevin 
50 WP, Galecron 50EC, Lannate L, Basudin 50EC, Supracide 
50EC, Imidan IE, Nexion 25W, Lorsban 25WP, Malathion 50RC, 
Orthene 75WP, K-840, Baygon 1.5EC, Gardona 75WP, and 
RH2l8 50EC--See summary attached for results. (Goal 1). 

~s ') . " , .... 
~.~ .. 
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2. Did not complete boxe1der twig borer sprays. Bulk of 
larval populations had migrated from the foliage to bore 
into the buds. Commenced trials with foaming adjuvants 
on deciduous foliage with systemics insecticides. (Goa12). 

3. Completed first year treatments and life history studies on 
chokecherry midge (C. virginianiaeJ with very good results 
(95-100%). (request by W.C.C.P.) (Goa13). 

4. Completed soil drench and foliar spray tests on the ye110w
headed spruce sawfly (Goal 4). 

5. No applications or controls were carried out on the birch 
leaf miner due to lack of time (Goal 5). 

6. Continued evaluations on foaming and spray adjuvants. Report 
of results (showing some potential) sent to Atlas Chem-Co. 
on Atp1us 526 and Atp1us 540 (Goal 6). 

7. Submitted su1tlD.aryof 1975 field eva1ua.tions/tests for 
publication in the Pesticide Research Report. (C.C.P.U.A.), 
Canada, Agriculture. 

8. Prepared an Information Report "Pesticide Field Trials on 
Shade and She1terbe1t trees in Alberta 1975. NOR-X-150. 

9. Presented seminar N.F.R.C. on field trials and pesticide 
registration March 7, 1975. 

10. Submitted manuscript on biology, damage and chemical control 
of the poplar borer, Can. Jour. For. Res. Vol. 5, No.3, 
Sept. 75. 

11. Reviewed and edited 6 pest leaflets and prepared one on 
spraying, yellow headed spruce sawfly and pear slug. 

12. Attended on request special hearings on Bird Biocides held 
by the Alta. Environmental Conservation Board. 

13. Submitted report to Oliver nurseries (provincial) on biology 
and control results on a willow stem sawfly Euura atra 
and to Devon Nurseries on biology and control of pitch 
nodule maker Petrova albicapitana. 

14. Presented lectures to Biology Teachers (4) and N.A.I.T. 
forestry students (60). 

15. Submitted chemical safety procedures for Safety Manual N.F.R.C. 
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14. Goals for 1976-77 

1. Continue evaluation of pesticides previously tested and 
showing promise with a view to completing 2-3 year data 
required for registration. These are: Basudin, Baygon, 
Carzol, Cygon, Dutox, Fundal, Furadan, Gardona, Galecron, 
Kelthane, K-840, Lannate L, Lorsban, Malathion, 
Meta-Systox, Omite, Orthene, Pirimor, R 28627, Sevin, 
Supraeide, Temik, Vydate, and U.L.V.A.--see attached 
registration recommendations/chemicals requiring more data. 

2. Continue boxelder twig borer control studies re: foliar 
spray controls. 

3. Continue chemical control studies, biology of chokecherry 
midge (C. virginianiae) and an associated seed boring 
chalcid. 

4. Continue chemical controls on the pitch nodule maker in 
nurseries. Prepare report for submission to bi-monthly 
as "Chemical control of the pitch nodule maker (P. albiaapitana) 
in Alberta. 

5. Continue chemical control, biology of a willow stem sawfly, 
Euura atra and publish as an information report "Damage by 
a shoot boring sawfly in Alberta" by Wong, Melvin, Drouin. 

6. Continue chemical control and efficacy tests on the root 
collar weevil, if time permits. 

7. Consult with W. G. Ives, L. Carlson prior to trials at 4, 5, 6 
re statistical analysis of data. 

15. Publications: 

Up to 1975-76 

Drouin, J. A. and D. S. Kusch. 1973. Summary of Insecticide 
Field Trials on Shade and Shelterbelt Trees in Alberta, 1972. 
Can. Dep. of Environment, N.F.R.C., Edmonton, Alta., 
File report NOR-Y-66. 

Drouin, J. A. and D. S. Kusch. 1974. Insecticide Field Trials 
on Shade and Shelterbelt Trees in Alberta and Saskatchewan. 
1973. Environment Canada, For. Serv., N.F.R.C., Edmonton, 
Alta. Information Report NOR-X-8l. 
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Drouin, J.A. and D.S. Kusch. 1974. Controls of Poplar Leaf 
Spots, Septoria musiva Pk. and Marssonina popuZi L. 
Fungicide and Nematicide Tests, Vol. 30 Am. Phyto. Soc. 
1974. Raleigh, N.C. 

Drouin, J.A. and D.S. Kusch, 1974. Summary of field tests 
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1975 Pest Species NOR 132 

;J np..lacoso:r.H disstria Hbn • % # Euura atra (Jurine) % .. 
24 B2sudin 50 EC H13 100 * 43 Cygon 4E SD 93 
27 Supracide 40 EC ME 100 50 Baygon 1.5 EC SD 81 
28 Malathion 50 EC ME 100 * 52 Meta-Systox-R 25% SD 81 
31 RH 218 50 EC HB 100 53 Basudin 50 EC SD 64 
34 Resmethrin .69% ULV 100 48 Furadan lOG SD 48 
22 Thiodan 4E H13 95 49 Vydate L 25% SD 25 
23 Sevin 50 v;'P ME 95 * 45 Volaton lOG SD 20 
25 Nexion 25 vIP MB 95 47 Supracide 40 EC SD 19 
26 Lorsban 25 "" MB 95 54 Temik lOG SD 9 
32 Fundal 97 SP ME 95 44 Orthene 75 SP SD 4 
35 Malathion 1.8% ULV 90 '* 46 Galecron 50 EC SD 1 
21 Cygon 4E l>ffi 80 51 Dacamox lOG SD 0 
36 Vapona-Methoxychlor ULV 80 55 CGA 12223 lOG SD 0 
4 Basudin 50 EC ME 77 

29 Orthene 75 SP HB 70 
3 Galecron 50 EC ME 48 PristiEhor erichsonii Htg. 

33 Gardona 75 WP MB 40 
30 Baygon 1.5 EC ME 20 70 Cygon 4E MB 100 
37 Tetrachlorvinphos ULV 20 71 Sevin 50 VP MB 100 
38 Systemic ULV 20 72 Galecron 50 EC MB 100 

73 Basudin 50 EC ME 100 
74 Dutox 23 EC MB 100 

Pikonema alaskensis Roh. 75 Vydate L 25% MB 100 
76 Supracide 40 EC ME 100 

64 Malathion 50 EC MB 100 * 77 Resmethrin .69% ULV 100 
65 Basudin 50 EC ME 100 
66 Lannate L 25% ME 100 Aphids (Saskatoon) 
67 Sevi!l 50 WP ME 100 
68 Imidan 50 WP ME 100 88 Basudin 50 EC MB 100 * 
69 Cygon 4E ME 100 98 Lanna te L 25% MB 100 

9 Cygon 4E SD 98 91 Halathion 1.8% ULV 98 * 10 Orthene 75 VP SD 98 92 Systemic ULV 98 
16 Furadan lOG SD 98 93 Vapona-Methoxychlor ULV 94 
17 Baygon 1.5 EC SD 98 90 Resmethrin .69,!'a ULV 45 * 
62 Systemic ULV 98 94 Tetrachlorvinphos ULV 36 
61 Halathion 1.8% ULV 95 * 
60 Resmethrin .69% ULV 91 Periph~llus negundinis Thos. 
1.3 PP 505 lOG SD 67 
12 Galecron 50 EC SD 64 95 Cygan 4E ME 100 * 
63 Vapona-Methoxychlor ULV 51 
19 CGA 12223 lOG SD 47 Olig0!1ichus unung)dis Jac. 
11 Volaton lOG SD 0 
14 Supracide 40 EC SD 0 78 Kelthane 13 EC HB 100 * 
15 Hasdon 108: SD 0 80 R 2~627 25 I': }fill 100 
18 Easudb. 50 EC SD a 81 Carzol 92 SP KG 100 

83 3p..8udin 50 Ee l,m 100' 
Caliroa cer3.si Linn. 79 amite )0 F HE 98 

82 Pirimor 50 1-: ME 90 
56 Cygan 4E SD 99 85 Basudi.:l 50 EC Hyd 90 
59 FuradanlOG SD 94 
57 Orthene 75 VP SD 82 
58 Vola ton 50 EC SD 60 

-II. = ~tgistered 
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Petrova albicapitan~ Busck. 

5 Cygon 4E SD 67 
8 Fllradan lOG SD 65 
7 Orthene 75 SP SD 42 
6 Volaton 50 EC SD 0 

Contarinia virginianiae Felt 

39 Basudin 50 EC ME 100 
40 Malathion 50 EC MB 100 
41 Resmethrin .69% ULV 100 

Archins cerasivorana Fitch 

1 Dutox 23 EC HP 82 
2 Cygon 4E HP 78 

Neoborus aemoenus Reut. 

86 Basudin 50 EC ME 100 
87 Cygon 4 E ME 100 

Proteoteras willingana Kft. 

86 Basudin 50 EC Hyd 34 

Tourme;y:ella numismaticum 
Petitt and McD. 

20 Furadan lOG SD 100 

G;ymnosnrangium clavipes 

42 Benlate 50 FP MB 



( r::1""""3.::7'l"'0) ...I ... .... ~ ... J-

~~alacoso!na disst.ria Hbn. 
G'l.:.ir03. ceras 1. Linn. 
?ikf)"'3::!~1 alaskensis Ron. * 
?risti?hora erichsonii Htg. * 
~)3ri?::.yllus nagundinis Thos. 
S~p8rda calcarata Say * 
Prot~oteras willingaru Kf't. * 

F':ln::1al SP 97% (Niagara) 

1'[3.1'lc0soma disstria Hbn. 

F:!rD.Q.?.::l lOG (Niagara) 

Pikcma;na alaskensis Roh. * 
?-ie2':l.tus ribesii Scop. * 
Graci11aria s~Tingella Fabr. * 
Caliroa cerasi Linn. 

Galecron 50 EC (Ciba-Geigy) 

Pristiphora erichsonii Htg. 

Imld~n 1E and 50 \,'P (Chipman) 

r.;alacosoi!la disstria Hbn. *' 
Pikons~a alaskensis Roh. 
Lithoco11etis sp. * 

L-1.n;:,,;::. t~ L 25 and 90 lr!P (Du Pont) 

Halacoso:na disstria Hbn. * 
P l:.con'?:n3. alaskensis Roh. 

La~8ban 25 W (Dow) 

* = Previously reco!'il.'1.ended. 

1973 
1974 
1977 
1972 

( 1')-;"5) 

<),);~~ !_,.;',j 7'7 ·:'~1,j l;~>J): 

() 5 .:~, l)75 hie.;; 
l"=~~:'I;' 197/.. l(V~" j J.())) l' ~~~.~ 
S.J :, ~.{)73 i~l) :"j ,;!. .l:;:~J·{· 

1974 100;;, 1975 30% 
1974 ·36%, 1975 99;& 
1972 108%, 1974 100%, 1975 98 and 100% 
1972 100%, 1974 100%, 1975 100;; 
1972 S5%, 1975 100% 
1973 51%, 1974 77 and 100% 
1973 100%), 1974 661> 

1973 75%, 1975 95~ 

1973 S0;6, 1974 90%, 1975 98% 
1973 100/~, 1974 100;; 
1973 95%, 1974 95% 
1974 84 and 100%, 1975 94% 

1972 9a!o, 1975 100;'h 

1973 75%, 1974 75% . 
1973 100%, 1975 10~t 
1973 10a,~, 1974 100~ 

1973 95 and 95%, 1974 10~ 
1973 100,;, 1975 100~ 

1973 SO and 95.~, 1975 95;~ 

:;~n 
>! ~'.: /J) 
~ .,,~ ,'. ;!; 
..... '. 
- _:.,/ 

(!.~ ) 
(39) 
(H3~. ~, 3D) 
(:<3 & H) 
(~'!B ) 
(SD) 
(SO) 

(SD) 
(SO) 
(SD) 
(SD) 

(HE) 

(H) 
(H a ~·lB) 
(HB) 

(HB & H) 
(r·m) 

(i-ill 6: H) 

JAN , 4 1976 



~'I'C"'; ~" -:>;:; l.T (Cl.· ba....('.nl.· !T'I:y) --.~-;- ......... / " ............ 0 

2·;; 1:-~cosJi:U disstria Hbn. 

Q.:-r,i,~:-,.2 75 SF (Ch-evron) 

H[~13.coso:na disstri·a Hbn. 
C:lliroa cerasi Linn. 

PP S05 lOG (Chipman) 

Fikon2~a alaskensis Roh. 

?-~ 213 50 EC (Rohm & Haas) 

1972 1 'J'-' i 
~., "/"j, 1975 lOt],,; 

197L, .1 ;j.),;;, 1975 1C0;~ 

197) 50 and 75%, 1975 95% 

1974 100~, 1975 70;t 
1974 81%, 1975 82% 

1974 9V!o, 1975 67% 

1974 95%, 1975 10'0% 

S8'''-; n 50 UP and SevL-nol 4 (Niagara & U. Carbide) 

Pikoll3xa alas~ensis Roh. * 
EalacosoTI'.a. disstria h'bn. * 
Pristiphora erichsonii Htg. 

S:loracide 40' EC (Ciba-Geigy) 

N~lacosoma disstria Hbn. 

T8rnik lOG (Union Carbide) 

Pikone~ alaskensis Roh. * 

[·I'll:l.cosoma disstria Hbn. 

Vohton 50' EC (Chemagro) 

Calir·o:'!. ce~asi Linn. 

1972 100%, 197.3 95%, 1974 1O'~, 75 10~ 
1973 75 and 80%, 1974 1aO~, 1975 95% 
1972 90'%, 1975 1O'afo 

1974 10'0.%, 1975 100'% 

1973 80%, 1974 95% 

1973 75 a:1d 75%, 1975 95% 

1974 78%, 1975 60% 

U·S) 
(. 'Po .. !',u) 

(5D) 

(H &·3) 
(SD) 

(SD) 

(H & NB) 

(H & 1·13) 
(H & Eo) 
(I,m) 

(HB) 

(SD) 

(~ffi & H) 

(SD) 



~'.T":):1 1. 5 EC (Cher:.a.gro) 

? al:-,S~{9nsis 

>~. d iS3tri3. 

:3:: :ll.:.ta 50 ';>JP (Du Pont) 

S. rr::.t:::; 1. va 

O. u:1.unguis 

Lithoco11etis sp. 
Alti,~a populi 
N. p::-atti ban.'<siam 
A. cerrrsivoranus 
P. albicapitana 
E. atra 
n. aemosnus 
H. warreni 
C. virginianiae 
Eriophyes sp. 

Di~e1 3.2 bt (Abbott) 

N. dlc;stria 

D'.ltox EC 23;~ (Chipman) 

A. cerrrsivoranus 
P. erichsonii 

1975 L:}):: 
1 fj 7 5<"',,!, 

, , ' ~ '.~ 
\~,' " I ..• 

1975 :n :ld 100,~ 
1975 IJG}; 
1972 ~l5 c:~td 10:);;; 
1973 SO;.; 
1975 10~ 

1975 9S;~ 
1973 65%, 1975 20% 
1975 81:; 

1974 75% 

1975 100% 

1972 85,90 arn 95% 
1972 100% 
1972 100:0 
1975 68% 
1975 67% 
1975 93;~ 
1975 100% 
1974 86% 
1973 95% 
1973 80% 

1974 75% 

1975 82% 
1975 100% 

1973 100% 

SD 
HB 
S!) 

NB 

HB 

:HB & BP 
t-ID 
HB 
HP 
SD 
SD 
HB 
SD 
HB 
~..B 

H 

HP 
MB 

HB 



r':-'_~C;:,')::1 50 EC (Giba-Gcigy) 

p" a1·:lskensis 

Lithoc011etis sp. 
o. untL."1guis 

K 81,.0 EC 48% (Uniroyal) 

P. 8.richS0!1ii 
~I. li;:J.Oa.tus 
I.itho(!olletis sp. 
E. 2.TleriCanl1-1tl 

P. ne :;undinis 
c.p:-::"ds (Sask) 

L02'S'o:::.:1. 25' .. 1 (Do.:) 

P. ahskensis 

Na1athion 50 EC (FHC) 

Lithocolletis sp. 
C. virginiani3.e 

?->ta-S?stox-R. 25% (FHC) 

E. atra 
Lithocolletis sp. 
P. nesundinis 
N. disstria 

1975 
1973 
1973 
1973 

.' .- I 
0) J 

95~~ 
J.O'J,~ 
lO:);~ 

1971.;. 9%, 1975 40;'; 

197) 80/~ 
1975 100% 

1972 60% 
1972 9C% 
1972 6o;{ 
1973 100% 

1973 95% 
1975 100% 

1973 95% 

1973 70% 
1975 100% 

1975 81% 
1972 90~ 
1972 9~ 
1973 75% 
1973 80;':; 

1974 62~ 

S:.1 
S;) 
SD 
~m 

H & N3 

SD 

HB 
MB 

NE 
}f.B 
H13 
MB 

ME 
HB 

MB 

BP 
ME 

SD 
HE 
HB 
H 
NB 



ell.:; icapi taM 

P. !l:; ;u::dinis 
o. u:1'...:.::l;Uis 

o. UY1u::1guis 

J 

1'97) 10('0; 
1975 9c)~ 

1975 98;:; 
1975 L;.2;~ 

1973 70,~ 
1975 90% 

1975 100;~ 

? 

S:-)'lin 50 U and Sevimo1 4 (n1C and U. Carbide) 

N. pra tti banksiar.a 
C. cerasi 
C. pallipes 

S:l::::rlcide 1..0 EC (Ciba.-Geigy) , 

P. :pegurldinis 
E. a!:lerica.!!.1Lll 
Lit;1:)co11etis Spa 
A. cera3ivoranus 
Eriophyes Spa 

C. pa11ipes 
P.- erichsonii 

T88ik lOG (Union Carbide) 

G. syringel1a 
H. ;.,arreni 

Jhiodan 4E (flfC) 

P. erichsonii 
P. negundinis 

'l'hu"Cicide HPC (Sandoz) 

H. cEsstria 

Vyd'3.te L 25 (Du Pont) 

P. eo:' i.chsonii 

1972 100% 
1972 100% 
1972 100% 

1972 90% 
1973 100% 
1973 56% 
1973 90% 
1973 90% 
1973 100% 
1975 100~ 

1973 100% 
1974 54% 

1972 75% 
1972 70% 

1974 70-;' 

1975 100;; 

SO 
SD 

H 
HB 

MB 

HB 
HE 
ME 

SD 
SD 

MB 
MB 

H 

NB 



v .. ~ ~.i..~. Li!~~;..) 

E)!' L.:l J.:;:(8nsi:3 
~-)~L(l,'; 

H. dL3stria 
P. 3.1askensis 
P. erichsonii 
a p:1.id s 

?onids 

lS~'0chlorvinphos 2.5% 

VaDona-{;iethoXYch1or 6% 

H. disstria 
aphids 

1 ~7,~ lC;),~ 1 75 T),~ 

1973 ()5,~, 7' .. 10~),:; 

197J 95;~, 75 95;'; 
197!1- 100;~, 75 93;; 

1974 100:; 75 100;~ 
1971~ 100% 75 91% 
1974 lOC% 75 100% 
1974 8U 75 98% 

1974 100%, 75 98% 

1974 85%, 75 80% 
1974 98%, 75 95% 

c. '~3r:<;::. 

? r:.'::~;-:l.:::li:l~s 

ResClathrin 0.69'; 

P. cavic'.)llis 
c. pallipes 
c. cerasi 
T. va porariu.-n 
c. virginianiae 

Srste!:lic -
c. pa11i?-3s 
c. cerasi 
P. a1askensis 

Tetrachlorvi~D~os 

C. pa11ipes 
~/I • disstria ? 
C. cerasi 
aphids ? 

1973 ()),; 
1973 'I().', 

1974 100~ 
1974 89% 
1974 100~ 
1974 100% 
1975 100% 

1974 63;; 
1974 100% 
1975 93% 

2.5% 

1974 66% 
1974 70%, 
1974 100% 
1974 60;;, 

Vapona-Methoxych1or 6';/ 
(0 

P. a1askensis ? 1973 7~ 
c. cerasi 1973 95% 

75 20~ 

75 36% 

75 51% 



NOR-9-l33 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 20, 1976 

1. Project: Reduction of damage from insects. 

2. Title: Biological control of forest tent caterpillar. 

3. New: Cont. : X 4. No.: NOR-9-l33 

5. Study Leader: J. A. Muldrew 

6. Key Words: Malaaosoma disstria, Saraophaga aldriahi, Pseudosar~ophaga 
affinis, parasites, nuclear-polyhedrosis virus, 
Boreal Region "B", trembling aspen (Populus 
tremu loides) • 

7. Location of Work: Northern Forest Research Centre and Region. 

8. Problem: 

The forest tent caterpillar shows large population fluctuations 
with outbreaks of 3 - 6 years duration occurring at intervals 
of 6 - 16 years. Successive complete defoliation for three or 
more years can cause death of aspen but the more common effect 
is a reduction of diameter growth of up to 90%. Aesthetic 
benefits in recreation areas and home sites are reduced. 
Complaints and requests for control are common during outbreaks. 

It is planned to develop methods of mass-rearing adults of 
Sar'aopl'.aga aldriahi and Pseudosaraophaga affinis and release 
them in considerable numbers during the initial stages of an 
outbreak in selected localities. Areas where outbreaks of 
the host are likely to occur will be determined using the method 
outlined by W.G.H. Ives using weather data. Adult parasites 
will be contaminated with nuclear and possibly cytoplasmic 
polyhedrosis virus shortly before releasing them into a 
population (possibly by spraying them with a suspension of the 
viruses). Since only the early stages of the host are 
susceptible to the NPV, increased control from this disease 
would be hoped for in the generation following the spraying. 
Since third to fifth instar hosts are susceptible to the CPV, 
this disease may produce more control in the year of release. 
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Control populations will be studied. G. R. Stairs (Can. Ent. 
98:1100) sprayed virus over small areas of an infestation in 
1963 and found that it had spread over 700 square miles by 
1965. He concluded further that "B. aZdrichi in the system may 
be essential to the rapid development of epizootics" (Ann. 
Rev. Ent. 1972, 17:355). The possibility of obtaining 
contaminated parasite adults by incorporating virus in the 
larval food medium will be studied. 

9. Study Objectives: 

1. To control outbreaks of the forest tent caterpillar in 
selected areas and reduce the duration and severity of 
outbreaks over larger areas by the introduction of large 
numbers of virus-carrying parasites to initiate epizootics. 

2. To develop methods for mass-rearing the sarcophagids 
B. aZdrichi and P. affinis. 

10. Resources: 

a. Starting date: 1973 
b. Estimated year of completion: Transferred to form part 

of new study entitled "Integrated Control of Forest Tent 
Caterpillar", NOR-9-1S0. 

c. Estimated total Prof. man-years required: 
d. Essential new major equipment items for 1976-77 with costs: 

e. Essential new major equipment items beyond 1977 with costs: 
See new study. 

f. 1976-77 man years: Nil. 

11. Progress to Dat~: 

A literature survey was carried out. Consultation was made with 
Dr. G. R. Stairs on various aspects of the problem. 

In developing a technique for mass rearing B. aZdrichi, various 
food media were tried involving hog liver, salmon, northern pike 
and various mixtures of these. Different methods of sterilization 
were tried using heat and various concentrations of formaldehyde. 
Best results were obtained using a hog liver slurry containing 0.6% 
formaldehyde with no heat sterilization. The highest rates of 
oviposition were obtained when adult females were placed in small 
cages with pieces of hog liver placed near aspen leaves and forest 
tent caterpillar cocoons. 

A supply of nuclear polyhedrosis virus was obtained by collecting 
diseased larvae in the field. Photographs of the polyhedral bodies 
were made. 



3 

12. Goals for 1975-76: 

Work on this study was to be held in abeyance for one year. 

13. Accomplishments in 1975-76: 

A rearing medium for S. aLdrichi consisting of 25% egg yolk, 
25% whole milk, 1% agar and 49% water were tested. The 
larvae developed at a rate comparable to those fed on liver, 
becoming fully fed in about 7 days. The mean weight of puparia 
for this medium was less than for the liver (81 mg. vs 89 mg.) but 

') ') , 
t .. .. < ( • 

a t-test indicated the difference was not significant at the 5% level. 
This medium allowed rearing to be done in the laboratory without 
the odor problem connected with rearing on decaying liver. 

In the oviposition studies one female lived for 87 days and had 
a fecundity of 104 eggs. Oviposition began after 41 days and 
eggs were laid in five batches of about 20 eggs each at 
intervals of approximately 12 days. 

The virus collected in 1974 was used in studies on developing a 
method of mass producing it. Foliage fed to forest tent caterpillar 
larvae was first sprayed with a comparatively concentrated 
suspension of the virus. Ideally, for optimum production of the 
virus, the larvae should die when they reach full size. This was 
accomplished when late III and early IV instar larvae were placed 
on the sprayed foliage. These larvae were reared in large plastic 
bags to facilitate recovery of the virus; the bags having a 
forced circulation of moist air through them. 

14. Goals for 1976-77 

None. Study terminated. (See Study 150). 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Nil 

16. Signatures: 

Inve igator Program Manager 

Director G.T. Silver 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 20, 1976 

1. Project: Reduction of damage from insects 

2. Title: Control and damage impact of insects injurious to trees 
and shrubs. 

3. New: X Cont. 4. NOR-9-l43 

5. Study Leader: H. F. Cerezke 

6. Key Words: Forest habitats, shelterbelts, woodlots, parks and 
recreational areas, plantations, seed orchards, 
tree nurseries, urban landscapes, pesticides, 
insecticides, cultural control, integrated control, 
growth losses, popUlation sampling. 

7. Location of Work: region wide 

8. Problem: 

In the prairie provinces there exists the need to examine 
entomological problems which arise annually and seasonally, often 
on short notice, and cause concern in forested areas, park and 
recreational areas, nurseries, shelterbelts, private wood lots 
and ornamental plantings in urban and rural landscapes. In most 
cases, such problems may only require identification of the insect 
organism or other causal agents, and control recommendations are 
made according to established procedures, such as by chemical, 
pruning, tree removal or no controls. The nature of the 
recommendations are dictated by an assessment of the hazard .. 
of the insect and its potential damage, and to some extent by 
the wishes of the owner(s) or forest manager. Staff of the Insect 
and Disease Survey and Pest Control Officers of C.F.S., and of 
other extension specialists of federal, provincial and municipal 
departments fulfill most of these needs. 

Other entomological problems arise which require more comprehensive 
examination of short term studies. These may include population 
surveys in spruce budworm-infested timber, bark beetle hazard 
prediction, woodborer hazard in fire-killed timber, identification 
of causes of mortality and tree damage in plantations and natural 

", ~ , , 
(i .~ < • 
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regeneration, development of special sampling techniques to 
measure insect abundance and to assist pre- and post-spray 
application in shelterbelts, urban and park areas, life cycle 
studies to establish proper timing of controls and impact 
studies to measure growth losses, predict long term effects on 
tree form, growth pattern and aesthetic value. Studies may also 
be initiated which can lead to new strategies of control or to 
increase effectiveness of control such as by integration of two 
or more control methods, such as with use of cultural techniques, 
biological agents, pheromones and other insect-specific chemicals. 
Opportunity may also exist to undertake field trial demonstrations 
for testing control procedure and long term effectiveness. 

The main benefits of this study will be to advise and up-date 
information on insect control in new problem areas and to complement 
the services offered under studies NOR 033 and NOR 132. Increasing 
public awareness, more intensive forest management practices and 
increasing demands on the environment such as in park and 
recreational areas, have all contributed in recent years to many 
new and varied enquiries of entomological concern. This is a 
vehicle study and is aimed at fulfilling the needs of special 
enquiries. 

9. Objectives: 

1. To maintain up-to-date information on insect problems of trees 
and shrubs common to the region, laws related to pesticides 
and their usage, insect control methods and effects of 
pesticides on the environment. 

2. To provide information on insect control, abundance, hazard and 
damage impact in new areas of concern to various clients. 

10. Resources: 

a. Starting Date: 1973 
b. Estimated year of completion: Indefinite 
c. Estimated total Prof. man-years required: 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment beyond 1977: 
f. 1976-77 man years Prof. 1.0 (H. Cerezke) 

Supp. 
Casual 
Total 1. 0 

11. Progress to date: 

Reporting and C.F.S. representation were provided at the following 
committees which meet annually: Western Committee on Crop Pests, 
Alberta Pest Control Advisory Committee, Saskatchewan Advisory 
Council on Insect Control and Shelterbelt Sub-Committee of 
Western Committee Shelterbelt and Horticulture. 
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Provided major input into the initial planning and development of 
a proposed information publication on "Common Insects of Trees and 
Shrubs in the Prairie Provinces of Canada", to include about 160 
insect and mite species. 

Provided a variety of consultory and extension services to various 
agencies and clients, including lectures, field and laboratory 
tours, insect identification and information on several insect and 
tree damage problems. 

12. Goals for 1975-76 

1. Complete the bibliography on remaining insect species with 
assistance of F.I.D.S. and write and edit descriptions of as 
many insects as time will permit on proposed Information 
publication: "Common Insects of Trees and Shrubs in the 
Prairie Provinces of Canada". 

2. Provide guidance to F.I.D.S. photographers for accumulating color 
illustrations of insects and damage for proposed Information 
Publication: "Common Insects of Trees and Shrubs in the Prairie 
Provinces of Canada". 

3. Provide Canadian Forestry Service representation and input into 
the following committees: 

a. Western Committee on Crop Pesticides 
b. Alberta Pest Control Advisory Committee 
c. Saskatchewan Pest Control Advisory Committee 
d. C.F.S. contact officer for Pest Control Products Act, 

re Trade Memorandum 104 
e. Shelterbelt Sub Committee of Western Committee Shelterbelt 

and Horticulture 

4. Provide information and consulting services to various clients 
seeking information on insect control, abundance, hazard and 
damage impact related to forest management problems, including 
new requests on spruce budworm, root weevil and woodborers. 
These requests were formerly handled under NOR-023, -024 and 
-025, respectively. 

5. Complete the proposed journal publication as indicated in 
NOR-025 as follows: 

Cerezke, H. F. Population and damage relationships of Monochamus 
scutellatus in tree-length white spruce logs in northern 
Alberta. 
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13. Accomplishments in 1975-76 

1. Bibliography complete for about 40 species, partly 
complete for most others. Two sample reports were 
written, summarizing information on two insect groups. 
Format prepared with Table of Contents. 

2. Guidelines on priority insects were provided for 
accumulation of selected photographs. About 80% of 
insects are probably now adequately illustrated on 
colored slides. Most of the available color slide 
material has been selected, from which prints are being 
made. 

3. Reports were prepared and presented at the following 
meetings: 

a. Western Committee on Crop Pests (subsection Shelter
belt, Ornamental Tree and Shrub pests. 

b. Alberta Pest Control Advisory Committee. 

c. Saskatchewan Advisory Council on Insect Control. 

d. Shelterbelt Sub-Committee of Western Committee 
Shelterbelt and Horticulture. 

4. a. Provided appraisal of woodborer damage in power poles 
and prepared file report: Cerezke, H.F. 1975. Report 
of examination of power poles near Whitecourt, Alberta, 
for evidence of woodborers. 5 pp. 

b. Two file reports prepared for Alberta Forest Service 
interests on spruce budworm in Alberta. 

Cerezke, H.F. 1975. Report of spruce budworm conditions 
in Timber Licence A2-L2, Athabaska Forest in 1974, 
5 pp. 

Cerezke, H.F. 1975. Host preference and tree damage 
relationships of the spruce budworm--a literature 
review, 9 pp. 

c. Provided field evaluation of root weevil damage to assist 
soil and pollution experts diagnose pine deterioration 
and mortality. 

d. Numerous other requests of clients handled by letter, 
telephone and visits. 
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5. Two manuscripts were written and have had local editorial 
review: 

a. Cerezke, H.F. Population and damage relationships of 
Monochamus scutellatus in tree-length white spruce 
logs in northern Alberta. 21 pp. typed ms. 
(Proposed journal publ.). 

b. Cerezke, H.F. Sampling the woodborer Monochamus 
in white spruce logs. 5 pp. typed ms. (Proposed 
Bi-Monthly publ.). 

14. Goals for 1976-77 

1. Complete the processing of the following manuscripts: 

a. Population and damage relationships of Monochamus 
scutellatus in tree-length white spruce logs in northern 
Alberta. (Proposed journal publ.). 

b. Sampling the woodborer,Monochamus In white spruce logs. 
(Proposed Bi-Monthly publ.). 

2. Prepare manuscripts on: 

a. The spacial and temporal patterns of distribution of the 
weevil, Hylobius warreni Wood in lodgepole pine stands 
in Alberta. (Proposed journal publ.). 

b. (If time permits)--The root weevil, H. warreni, in 
the prairie provinces in relation to forest management. 
(Proposed technical report). 

3. Complete the reports: 

a. Spruce budworm impact studies in spruce forests of 
northern Alberta. (Proposed Information Report). 

b. Spruce budworm development in northern Alberta in relation 
to spruce phenology and heat units. (Proposed Bi-Monthly 
publ.). 

4. Complete the compilation of photographs and prepare first 
draft copy of "Common Insects of Trees and Shrubs of the 
Prairie Provinces of Canada". (Proposed Information publ.). 

s. Provide Canadian Forestry Service representation on: 

a. Western Committee Crop Pests 
b. Alberta Pest Control Advisory Committee 
c. Saskatchewan Advisory Council on Insect Control 
d. Shelterbelt Sub-Committee of Western Committee of 

Shelterbelt and Horticulture. 
e. C.F.S. contact officer for Pest Control Products Act. 

? l~ , 
". ..... f ' 
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6. Provide information and consulting services to other scientists 
and to cli.ents seeking information on forest insect problems, 
especially related to spruce budworms, root weevil and 
woodborers. 

15. Publications: 

Up to 1975-76: 

Nil 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 



NOR-9-150 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 20, 1976 

1. Reduction of damage from insects. 

2. Title: Integrated control of the forest tent caterpillar. 

3. New: X Cont: 4. No.: NOR-9-150 

5. Study Leader: W.G.H. Ives, J.A. Muldrew 

6. Key Words: Malacosoma disstria, Sarcophaga aldrichi, Populus 
tremuloides, nuc1ear-po1yhedrosis virus, integrated 
control, Bacillus thuringiensis, chemical control, 
parasites. 

7. Location of Work: Prairie Provinces and Edmonton. 

8. Problem: 

The forest tent caterpillar, Malacosoma disstria (Hubner), attacks 
a wide range of hosts, and periodically occurs in outbreak numbers 
in all Canadian provinces and in most states in the U.S.A. In the 
Prairie Provinces its principal host is trembling aspen, Populus 
tremuloides Michx. Outbreaks on this host usually occur some
where in the Prairie Provinces each year. In any given locality 
the interval between the start of outbreak varies from 6 to 16 
years. During these outbreaks, populations of the forest tent 
caterpillar typically increase in numbers until limited by the amount 
of food available, and complete stripping of the foliage then occurs 
for a period of 3 to 5 years. Populations then often collapse to 
a level where it is difficult or impossible to find any larvae, even 
during extensive sampling. 

The defoliation caused by the forest tent caterpillar causes a 
reduction in growth but relatively little immediate mortality, as 
the trees are able to refo1iate and produce sufficient new foliage 
to minimize the effect of defoliation. However, there may be a 
delayed effect upon subsequent survival. 
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Since little, if any, tree mortality occurs as a result of forest tent 
caterpillar outbreaks, the pest is of relatively little concern to 
informed forest managers. Rural residents, however, are subjected 
to crawling masses of caterpillars and find this experience extremely 
annoying. Tourist operators, in particular, are very vocal in 
demanding government agencies to take remedial actions. Although 
Malathion (and other insecticides) can provide satisfactory control, 
such chemical application is often difficult to justify when one 
considers the problem objectively. 

In Canada, most outbreaks appear to be terminated by unfavorable weather 
conditions, high levels of dipterous parasitism (primarily Sarcophaga 
aZdrichi Parker), or epizootics of virus, particularly a nuclear 
polyhedrosis virus. These factors may operate along or in combination. 
Unfortunately, both the diperous parasites and the virus usually reach 
extremely low levels during endemic periods between outbreaks, simply 
because the host insect is so rare that there is little to sustain them. 
Consequently, both these factors usually require several years to 
increase in abundance before they become effective control agents. 

This problem presents a unique opportunity in biological (or possibly 
integrated) control. If the sarcophagids and virus could be introduced 
into localities with incipient outbreaks, it might be possible to avert 
major outbreaks in these areas. This idea is not new, having been 
suggested by Tothill in 1918, but as far as we know has not been 
tried with the forest tent caterpillar, although a similar approach has 
been used successfully with one or two other insects. S. aZdrichi 
is admirably suited to experimental manipulation of its numbers, as it 
can be reared successfully and easily on artificial media. Similarly, 
it is probable that the virus can eventually be propagated on tissue 
cultures. This has been done with other viruses, without loss of 
virulence, but has not yet (as far as we know) been done with the 
forest tent caterpillar, although tissue cultures of this insect have 
been established. It therefore seems probable that stock cultures 
of both the parasites and virus could eventually be maintained for 
use in applied biological control as needed. Before such a program 
is initiated, or advocated, it is essential that preliminary studies 
be undertaken to determine whether or not the required densities of 
parasites and virus can be produced and manipulated advantageously. 
For example, it will be necessary to determine the dispersal of 
released parasites under field conditions. 

9. Study Objectives: 

To determine whether or not localized incipient outbreaks of forest 
tent caterpillar can be prevented or their severity minimized by 
manipulation of natural biotic control factors, particularly Sarcophaga 
aZdrichi and nuclear polyhedrosis virus, augmented where necessary 
by chemical or bacteriological control measures. 
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10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: New 
Estimated year of completion: 1980 
Estimated total prof. man years required: 7.5 
Essential new major equipment items for 1976/77 with costs: 
Essential new major equipment items beyond 1977 with costs: 
1976-77 man-years Prof. 0.8 (J. A. Muldrew) 

0.3 (W.G.H. Ives) 
Supp. 0.9 (R. M. Smith) 

0.1 (J. A. Drouin) 
Casual 
Total 2.1 

12. Goals for 1975-76: 

New study 

13. Accomplishments in 1975-76: 

New Study 

14. Goals for 1976-77: 

1. The review of pertinent literature will be completed. 

Nil 
Nil 

2. To determine whether or not virus and B. thuPingiensis can 
be introduced into field populations and produce demonstrable 
mortality in current and/or subsequent generations. Two 
techniques will be evaluated: 

a. Ground applications of high concentrations of virus will 
be made to small plots of aspen as soon as the foliage 
flushes. 

Similar ground applications of B. thuringiensis, 
enhanced by sub-lethal doses of insecticide, will also 
be made. 

b. Egg bands of forest tent caterpillar will be dipped in a 
high concentration of virus particles, then tied adjacent 
to natural egg bands in an area of forest tent caterpillar 
infestation on regeneration aspen. 

3. Techniques for propagating and storing the virus will be 
evaluated and adapted to suit our conditions. 

4. Similar adaptations for rearing and storing the sarcophagid 
parasites will also be made. 
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5. Dispersal of marked S. aZdrichi adults upon release under 
field conditions will be studied to determine if enough 
remain in the vicinity to create an impact on local forest 
tent caterpillar populations. 

15. Publications: 

Nil 

16. 

~~Q~ 
~.~-~ 

I 

Invbtigator Program Manager 

Director G. T. Silver 

.. 
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PROJECT NOR - 10 

Improved regeneration methods 

for commercial forest species 



NOR-IO-004 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1976 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: Effects of prescribed fire on Peaty Humic Gleysol and on 
Gray Wooded soils under spruce-fir forest. 

3. New: Cont.: X 4. No.: NOR-IO-004 

5. Study Leader: G. L. Lesko 

6. Key Hords: soil temperature, soil moisture, mineral nutrients, 
Picea gZauca~ Abies ZasiocaY'pa. 

7. Location of I-lork: Hinton, Alberta 

8. Problem: 

Prescribed fire is a possible method of seedbed improvement for 
regeneration, therefore its effect on soil properties must be known. 

The study will show if the fire is harmful, beneficial or neutral 
to soil properties. The probability to find answers to these 
questions is high. 

The results will not be put into practice because they serve as back
ground information. 

Method: Measurement of soil properties before and in successive 
years after prescribed fire. 

9. Study Objectives: 

1. To determine the moisture and heat regimes of the above soil 
after prescribed fire. 

2. To determine long and short-term effects of fire on soil 
reaction, essential macro nutrients, organic carbon content 
and cation exchange capacity. 
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lO. Resources: 

a. Starting date: 1967 
h. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 0.5 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 

11. Progress to Date: 

Supp. 
Casual 
Total 

Field measurements of soil moisture and temperature were conducted 
for 5 years. 

Soil samples were collected in four successive years to study chemical 
changes. 

Chemical analysis of the samples are completed. 

Preliminary results were summarized in an Internal Report in 1971. 

12. Goals for 1975-76: 

Further preparation of the data towards the report on "Short term 
effects of prescribed fire on soil properties in west-central 
Alberta". 

13. Accomplishments in 1975-76 

Some progress was made in the preparation of data towards reporting. 

14. Goals for 1976-77: 

Reporting deferred until 1977/78 owing to higher priority reporting 
commitments. 

15. Publications: 

Up to 1975-76 

Lesko, G. L. 1971. Some early effects of the prescribed fire 
in spruce-fir slash on soil properties. For. Res. Lab., 
Calgary, Alberta. Internal Rep. 
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10. Resources: 

<1. Starting date: 1967 
h. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 0.5 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 

11. yrogress to Date: 

Supp. 
Casual 
Total 

Field measurements of soil moisture and temperature were conducted 
for 5 years. 

Soil samples were collected in four successive years to study chemical 
changes. 

Chemical analysis of the samples are completed. 

Preliminary results were summarized in an Internal Report in 1971. 

12. Goals for 1975-76: 

Further preparation of the data towards the report on "Short term 
effects of prescribed fire on soil properties in west-central 
Alberta". 

13. Accomplishments in 1975-76 

Some progress was made in the preparation of data towards reporting. 

14. Goals for 1976-77: 

Reporting deferred until 1977/78 owing to higher priority reporting 
commitments. 

15. Publications: 

Up to 1975-76 

Lesko, G. L. 1971. Some early effects of the prescribed fire 
in spruce-fir slash on soil properties. For. Res. Lab., 
Calgary, Alberta. Internal Rep. 
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Lesko, G. L. 1972. Immediate effects of a prescribed fire on 
soil properties. For. Rep., C.F.S., North. For. Res. 
Cent. Edmonton, Alberta. Vol. 1 No. 6 pp. 4. 
Miscellaneous. 

1975-76 

Nil 

16. Signatures: 

0b~L' 
Investigator Program Manager 

Director G. T. Silver 



NOR-IO-039 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1976 

1. Project: Improved Regeneration Methods for Commercial Tree Species. 

2. Title: Nursery operations. 

3. New: Cont.: X 4. No.: NOR-IO-039 

5. Study Leader: L. W. Carlson 

6. Key l~ords: root pruning, storage and packing, storage mold, 
disease control, Septoria~ Marssonina~ seedling mortality, 
PopuZus~ Pinus~ Picea~ conifer seedbed culture, contain
erized seedling rearing, quality control. 

7. Location of Work: Northern Forest Research Centre, Edmonton; 
Alberta Provincial Tree Nursery, Oliver; 

8. Problem: 

Nature of Study: 

Alberta Horticultural Research Centre, Brooks; 
Saskatchewan DNR Forest Nurseries, Prince Albert 
and Big River; PFRA Tree Nursery, Indian Head, 
Saskatchewan; Pineland Nursery, Hadashville, 
Manitoba. 

Presently it costs about 3 cents to produce a seedling of plantable 
size. The average annual production in the Northern Forest Region 
nurseries is approximately 8 million conifer seedlings, with 
operating costs of about 400,000 d0llars. Recently (1969) losses 
in jack pine outplantings in Manitoba were 45% or one million seedlings. 
Also a recent survey of regeneration in all three Prairie Provinces 
indicates very poor survival of outplantings of white spruce and lodge
pole pine (NOR-X-31). There is evidence in many cases that mortality 
was related to problems in the Nursery system and they appear to be 
both cultural and pathological. Solving these problems and others like 
them could possibly prevent similar losses in the future. 
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Two large government nurseries in the Northern Forest Region are 
involved in the production of shelterbelt and parks nursery stock. 
The problems of rearing are mainly cultural and require some 
attention. As withmniferous stock, storage, packing and shipping 
present the major problem. 

Demands on the nursery for production are always high. With limited 
amount of space and money they are expected to produce certain 
numbers of trees at a certain quality. There is need then for 
information that will help cut costs, increase the effective use of 
land, and maintain quality. 

Probability of success: Excellent 

Probability of results being put into practice: Good 

Method used: 

Definition of problems 

Consultation with nursery managers 
Through information from Nursery monitoring 

Determine priority of problem - relating to demands for the cvop. 

Scientific investigation of the problem 

Experiments set with proper consideration for statistical 
analysis. 

Results to be fed back to the nursery system as soon as 
possible. 
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Problem analysis flow chart: 

Client Responsibilities Departmental Responsibilities 
._--_._----_._-----_._._ .. _ ... _--------------------------

Federal 
Nursery 

and Provincial discussions ) Nursery Operations 
Hanagement Researchers 

~management Ibac~ground 
decisions reV1ew 

~ Problem Analysis 

Cooperative 1 
Information 

Feedback 

work ~erimlntal Proposals 

Experimental Execution 

Datt Analysis 

statemett of Results 

9. Study Objectives: 

1. To improve general nursery practices, including seedling handling, 
disease control, weed control, cultural operations, and inovations 
for seedbed treatments. 

2. To design, test and ultimately to seek adoption by provincial 
forest nurseries of a monitoring and quality control system for 
production of nursery stock which will aid in defining crop 
potential, crop losses, and factors contributing to the losses 
and their relative importance. 

10. Resources: 

a. Starting date: 1968 
b. Estimated year of completion: 1978 Revised: 1980 
c. Estimated total Prof. man-years required: 2.0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.4 (Carlson) 

Supp. 1.2 (Huber 1.0, Wambold 0.2) 
Casual 0.3 
Total 1.9 
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II. Progress to Date: 

Seedbeds of 1-0 and 2-0 white spruce and 2-0 lodgepole pine were 
root pruned. Assessments were made at lifting time. Root growth 
showed marked seasonal changes in regard to time of root pruning. 

Outplantings of 3-0 jack pine, lodgepole pine and white spruce from storage 
an~. packing trials showed Sw survives better than pines in storage. The 
data obtained indicates that airtight packing and storage at 35-40oC 
(1.7°C-4.4°C) is not as good as storage in bales of unsealed plastic lined 
boxes. The latter method is now used at 2 of 3 prairie forest nurseries. 

The quality of bareroot conifer seedlings being shipped from the 
three provincial nurseries has been recorded and pertinent infor
mation passed on to the respective nurseries. The data were similar 
to those from 1973. Each leedlot sampled was measured for ht., dry 
wt of roots and shoots, and shoot/root ratio given. Considerable 
variation was shown between different seed lots. 

The quality monitoring program for seedbeds at Prince Albert was 
continued with the collection of 2nd year data. The data confirm that 
the method used can substantially reduce inventory time at the nursery 
without sacrificing accuracy. New sample seedbeds were set up in 
1974. This program is being instituted at the Alberta Provincial Tree 
Nursery with only an advisory input by this lab. 

The regional nurseries were visited in 1974. Particular problems 
arising from visits to the nurseries led to investigations of 
irrigation systems and fertilizer application at Oliver; to sampling 
and investigation of soil problems at Indian Head (PFRA Tree Nursery). 
The professional input to the latter program was acquired from NOR-135. 
Both problems were answered to the satisfaction of the client. Numerous 
other visits were made to Oliver and Prince Albert where advice was 
given on standard nursery practice and on containerized seedling 
culture. Liaison was carried out with the Yukon Forest Service regarding 
shrub and tree hardiness trials near Whitehorse (this terminated our 
commitment to the YFS). All pertinent information is recorded in 
a File Report for this study. A meeting was arranged between provincial 
nurserymen and federal researchers and nurserymen where problems of 
production and management were discussed. The proceedings will be 
the subject of a file report under this study and will act as a 
basis of setting priorities for future nursery related studies. 
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Studies of sp;lcing popLlr Clltt ill},.S beds were cont Lnued ;It llw 0\ iVl'r 
Nursery (ATPN) and at the Prince Albert Nursery. Brooks #6 cultivar 
is being used at the ATPN and "Northwest" at P.A. Data to date show 
that closer placed stools produce more cuttings per ha. while wider 
spaced stools produced more cuttings per stool. 

Other progress to date for this study is duly noted in section #15 
under publications and file reports. 

12. Goals for 1975-76: 

., l... • 
(., . I 

1. To survey regional government nurseries, to contact regional 
private nurseries for problem assessment, and to perform related 
liaison functions. 

2. To obtain 3rd year and 1st year yield data on spacing in poplar 
cuttings beds at Oliver and Prince Albert respectively. 

3. To study the effect of fungicides in controlling storage molds 
of conifer seedlings with special emphasis on overwinter storage 
and method of fungicide application. The trials will be carried 
out at the P.A. nursery and the Oliver nursery (this includes 
journal publication). 

4. To obtain 3rd and 2nd year data on the quality monitoring program 
for seedbeds at Prince Albert and to introduce this program to 
the Big River nursery. 

5. To test the effectiveness of using special cropping schedules 
for increasing the organic matter content of Prince Albert nursery 
soils. 

6. To advise Parks Canada on propagation and planting techniques 
for native species to be used in rehabilitating damaged sites. 

7. To prepare a rearing manual for containerized seedlings. 

8. To monitor the quality of bareroot seedlings shipped from the 
P.A. nursery in the spring of 1975. 

9. To prepare state of art reports on seedling storage and root 
pruning of nursery stock. 
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13. Accomplishments in 1975-76: 

1. The regional nurseries were visited in 1975. Examples of problems 
dealt with at the nurseries are: a) Excess fertilizer and uneven 
watering at the Rocky Mtn. House (AFS) greenhouse. Corrected with 
advice on changing watering system at little cost to the AFS. 
b) High incidence of culls in willow cuttings at the Alberta 
Provincial Tree Nursery (APTN). This problem was diagnosed as 
insect injury and program help in solving this problem has been 
solicited from NOR-132 and NOR-033. c) Losses in red pine seed
beds (30%) at the Pineland Nursery (Manitoba) were investigated. 
The cause of the losses appears to be related to excess nutrients, 
frost injury, followed by fungal infections. Other vists were 
made to both the P.A. Nursery and Alberta Provincial Tree Nursery 
to advise their personnel on standard nursery practice and on 
containerized seedling culture. Further to the February 1975 
Federal-Provincial Nurserymen's meeting in Hinnipeg a sununer 
meeting was held at the P.A. Nursery. Nursery cultural techniques 
and new' research techniques were discussed. 

2. Yield data for the 3rd year and 1st year of the spacing in poplar 
cuttings beds at Oliver and P.A. respectively were not available 
due to the harvesting problems. However these data will be 
obtained as soon as the poplar whips are harvested. Preliminary 
observation of the field plots suggest that the results will 
follow those of the last 2 years. 

3. Storage molds were not much of a problem over the past winter 
(1974-75) and very little differences were obtained between 
treated and non-treated seedlings. The data are sent for publi
cation, but due to the mail strike it is doubtful they will be 
published until the next review period. 

4. The quality monitoring program for seedbeds at P.A. was continued 
with the collection of 3rd year data. As stated previously 
these data confirm that the method can be used to reduce inventory 
time at the nursery. The monitoring program was extended to the 
Big River Nursery in the sununer 1975. 

5. The 1st year's data on the effectiveness of special cropping 
schedules to increase organic matter of P.A. Nursery soils is 
being collected. Analyses of dry wts., organic matter and soils 
is in progress. 

6. Parks Canada has been advised on progagation and planting techni
ques for native species for use in sites being rehabilitated. 
They have also been advised on the feasibility of developing a 
nursery system for native species propagation. The recommendation 
to use a combination make and buy system is recorded in 
correspondence on file with this study. 
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7. The container rearing manual is still in preparation with three 
chapters in rough draft. After discussions with potential users 
and researchers actively working in the field it was decided to 
include more technical material than was originally available. 
This has delayed preparation by about 8-12 months. 

8. Bareroot seedlings from P.A. were monitored in the spring of 1975. 
~s before considerable variation was noted. These variations appear 
to be related to field plots, time of seeding and density of 
seeding. Up to 17% of spruce seedlings lifted and shipped in 
the spring of 1975 were considered undersized or culls. 

9. See publications - File Report. 

14. Goals for 1976-77: 

1. To survey regional government nurseries, to contact regional 
private nurseries for problem assessment, and to perform related 
liaison functions. 

2. To obtain 4th and 2nd year data on spacing trials in poplar 
cuttings beds at APTN and P.A. respectively. 

3. To continue the study on control of conifer storage molds with 
special emphasis on overwinter storage and method of fungicide 
application. (Carried out at APTN and P.A.) 

4. To obtain 4th and 3rd year data on the quality monitoring program 
for seedbeds at P.A. and to obtain 1st and 2nd year data on this 
program at Big River. 

5. To collect 2nd year data on the use of special cropping schedules 
for increasing the organic matter content of P.A. nursery soils. 

6. To prepare a rearing manual for containerized seedlings. 

7. To prepare a report (file or Information) on the results of 
quality monitoring of shipping stock from P.A. and APTN since 
1973. 

8. To investigate the problem of red pine mortality at the Pineland 
Nursery. 

9. To report on a DSS contract to study sources of peat in order to 
determine peat qualities needed for conifer seedling growth. 
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15. Publications: 

Up to 1975-76 

Carlson, L. \.1. 1970. Mortality in 1969 spring-planted jack pine 
plantations in Manitoba. Dept. of Fish. For. Confidential 
Rep. pp. 25. 

Carlson, L. W. 1971. Greenhouse facilities provide a research 
opportunity. For. Rep. 1(2):3. 

Hocking, D. and R. D. Nyland. 1971. Cold storage of coniferous 
seedlings: A review. Appl. For. Res. Ind., SUNY, Res. 
Rep. 6: pp. 70. 

Carlson, L. W. 1972a. Survival of 2-0 and 3-0 jack pine seedlings 
outplantings in southeastern V~nitoba. Can. Dep. Environ., 
For. Serv., Bi-Mon. Res. Notes 28(4):25-26. 

Carlson, L.W. 1972b. Jack pine in southeastern Manitoba: A 
compendium of research, 1967-1970. V. Mortality in 1969 
spring-planted jack pine plantations, Northern Forest 
Research Centre. Inf. Rep. NOR-X-50E. 

2t:L 

Carlson, L.W. 1972c. Fungicidal control of poplar leaf spots in 
Alberta and Saskatchewan. Can. Plant Dis. Surv. 52:99-101. 

Hocking, D. 1972. Nursery practices in cold storage of coniferous 
seedlings in Canada and the United Stated. Tree Planter's 
Notes 23:26-29. 

Hocking, D. and W. B. D. Ward. 1972. Late lifting and freezing in 
plastic bags for overwinter storage of white spruce. Tree 
Planter's Notes 23:24-26. 

Edwards, I. K. and W. D. Holland. 1973. Further site investigations 
for location of Alberta Forest Service Tree Nursery. North. 
For. Res. Cent. Inf. Rep. NOR-X-78. 

Etter, H. M. and L. W. Carlson. 1973. Sugar contents, relative 
water content, and growth after planting of stored lodge
pole pine seedlings. Can. J. Plant Sci. 53:395-399. 

Holland, H. D. and 1. K. Edwards. 1973. Site investigation for 
location of Alberta Forest Service Tree Nursery. North. 
For. Res. Cent. Inf. Rep. NOR-X-68. 
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Carlson, L. W. 1974a. Cuttings beds cankers (Timing). p. 124. 
Tn: E. I. Zehr (Ed.), Fungicide-Nematicide Tests, Results 
of 1973. Amer. Phytopath. Soc. Vol. 29. 

Carlson, L. W. 1974b. Cuttings beds cankers (fungicides). p. 124. 
In: E. I. Zehr (Ed.), Fungicide-Nematicide Tests, Results 
of 1973. Amer. Phytopath. Soc. Vol. 29. 

Carlson, L. W. 1974c. Fungicidal control of poplar leaf spots. 
Can. Plant Dis. Surv. 54:81-85. 

Edwards, I.K., W. D. Holland and L. W. Carlson. 1974. Assessment of 
potential tree nursery sites near Hudson Bay, Sask. North. 
For. Res. Cent. Inf. Rep. NOR-X-119. 

Nyborg, M.,W. B. McGill, L. W. Carlson and W. D. Holland. 1974. 
Methods of establishing plant growth after heavy oil 
spills. In: D. Hocking and W. R. MacDonald (Eds.) Proc. 
of workshop on reclamation of disturbed lands in Alberta. 
North. For. Res. Cent. Inf. Rep. NOR-X-116. p. 139-150. 

Carlson, L. w. 1974. Cooperative tree and shrub hardiness trials 
at the Takhini nursery site in the Yukon. File Rep. 
NOR 039. 

Carlson, L. W. 1974. Regeneration survey of fire trails on Hurd 
Mountain, Yoho National Park. File Rep. NOR 039. 

Carlson, L. w. 1974. Brief presented to the Alberta ECA on public 
hearings into the use of pesticides and herbicides in 
Alberta (Environment Canada). File Rep. NOR 039. 

Carlson, L. W. and R. Huber. 1975. Jack pine storage molds. In: 
C. W. Averra (Ed.), Fungicide-Nematicide Tests, Results of 
1974. A. P. S. Vol. 30. 

Carlson, 1.\-1. and L. D. Nairn. 1975. Phytotoxic action of penta
chlorophenol and captan on containerized red pine and jack 
pine seedlings. Tree Planter's Notes. 

1975-76 

Carlson, L. W. 1975. Want to improve container seedling growth? 
SHAPE UP ~ For. Rep. 4 (3) : 9. 
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Carlson, L. W. 1975. Prairie Federal-Provincial Nurserymen's Meeting. 
File Rep. NOR 039. February. 

Carlson, L. W. and R. F. Huber. 1975. Seedling storage in the 
Prairie Region. File Rep. NOR 039. 

Carlson, L. W. and E. C. Wambold. 1975. Root pruning of conifer 
nursery stock in the Prairie Region. File Rep. NOR 039. 

16. Signatures: 

~ 41. Co4~ 
Investigator Program Manager 

Director G. T. Silver 



NOR-IO-047 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1976 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: The role of fire in the ecology of jack pine 
Study (a) Ecological effects of burning. 

3. New: 

Study (b) The effect of depth to water table on tree seedling 
growth. 

Cont.: X 4. No.: NOR-IO-047 

5. Study Leader: H. P. Sims 

6. Key Words: Pinus banksiana~ root ,growth, competition, nutrients, 
burn, mammals, Picea maPiana~ Picea gZauca~ Pinus 
resinosa. 

7. Location of Work: Sandilands Provincial Forest, Manitoba. 

8. Problem: 

In our northern forests fire is an important factor in the life cycle 
of jack pine, a pioneer species particularly well adapted to succession 
following wildfire. However, regeneration following harvest of this 
valuable timber species is often a problem and efficient methods of 
seedbed and site preparation are being sought. By investigation of 
the role of fire in the life cycle of jack pine and by determination 
of specific fire effects on the environment and on the establishment 
are early growth of this species it is hoped that prescribed fire 
can be eventually utilized as an efficient, effective regeneration 
method. 

Several areas were prescribed burned and vegetation, soil nutrients 
and microclimate (temperature and moisture) studied on the burned 
sites. 
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Observations and plot studies in southeastern Manitoba suggested 
that in sandy soils that most significant edaphic factor influencing 
forest growth and distribution is depth to water table. Mean 50-year 
site indices for jack pine (Pinus banksiana)varied from 40 on dry 
sands \vithout water table influence to 54 on moist sands with late
season vlater table depths of 4 to 5 feet. Vigorous black spruce 
(Picea mariana) understorey frequently occurred in moist sandy soils 
and was absent in dry sandy soils. 

For the purpose of testing this hypothesis a greenhouse experiment 
was initiated in March, 1961 to study the response of tree seedlings 
to a gradient of depth to water table on an artifical slope. 
Although behaviour of mature trees is not necessarily borne out by 
the behaviour of seedlings, it 'vas assumed that if variations in depth 
to water table produce variations in growth response of seedlings, a 
relatively similar pattern may be exhibited by mature trees. Moreover, 
seedling survival determines, to a large extent, mature forest 
distribution patterns. The results find application in ecological 
classification of land for management and silviculture. 

The use of tree seedlings is also of immediate practical application. 
In reforestation, knowledge regarding seedling growth and survival 
is of extreme importance in directing the more costly practices 
to these sites that promise to yield maximum returns. For this 
reason the two other regionally important conifer species, red pine 
(Pinus resinosa) and white spruce (Picea gZauca) were also included 
in the experiment. Both species are rare as stand components of 
present mature stands in southeastern Manitoba, but are of 
immediate importance for planting. 

9. Study Objectives: 

1. To determine the effects of fire on the environmental factors 
affecting germination, growth and development of jack pine. 

2. To test the hypothesis that in sandy soils, depth to water 
table is the most significant edaphic factor influencing forest 
growth and species distribution. 
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10. Resources: 

a. Starting date: 1961 
b. Estimated year of completion: 1973 Revised: 1976 
c. Estimated total Prof. man-years required: 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 

11. Progress to Date: 

Study (a): 

Supp. 
Casual 
Total 

In 1964 a combined fire research program was initiated in southeastern 
Manitoba to study the use of fire for seedbed and planting site 
preparation (MS 245), fire behaviour (MS 603) and ecological effects 
of prescribed burning (MS 243). Prior to 1964 some ecological studies 
had been carried out on wild fire areas. 

From 1961 to 1969 root and stem growth characteristics of jack pine 
seedlings in the age class one-to-ten years were studied on four 
burned over sites. 

From 1964 to 1972 ecological effects of prescribed burning were studied 
on five areas. Effects on lesser vegetation, physical and chemical 
soil characteristics, and rodent populations were studied. 

Progress reports were prepared annually to 1968 for each of the two 
studies combined under this project. In 1964 a paper was published 
on the root growth of jack pine on a burned over dry site. 

In 1968 a paper was published on effect of extracts of burned pine 
litter on germination of jack pine seed. 

In February, 1970 a paper was published on the recovery of vegetation 
after a light burn on a mixed pine-hardwood cover. 

In 1973 a manuscript on reinvasion of rodents on burned areas was 
published. 

In 1974 a manuscript on effects of prescribed burning on physical 
soil properties was submitted to Journal of Forest Research. 
Preparation of a second manuscript on effects of prescribed burning 
on vegetation was started. 
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Study (b): 

Seedlings of four tree species were grown in two soil-filled tanks 
each containing soil from a different site. A continously renewed 
water table was adjusted to six inches at the bottom of each tank. 

Tanks were watered to simulate summer showers. At the end of the 
experiment all seedlings were removed and height, diameter, and 
ramification of tops were measured. Root systems were measured 
and seedlings were oven-dried and weighed. Soil texture, pH, 
permanent wilting percentage, field capacity, organic matter content, 
and total exchange capacity were measured. The experiment was 
repeated except that three grasses were grown in the tanks to provide 
competition. 

Four reports have been published and the study terminated. 
12. Goals for 1975-76: 

1. Completion of manuscript on vegetation development following 
burning in southeastern Manitoba. 

2. Preparation of manuscript "The effects of prescribed burning on 
some chemical soil properties of dry sites in southeastern Manitoba". 

13. Accomplishments in 1975-76: 

1. Owing to the resignation of the study leader, no commitment is 
carried for completion of the manuscript on vegetation develop
ment following burning in southeastern Manitoba. 

2. As above. 

3. The manuscript "effects of prescribed burning on some physical 
soil properties of dry sites in southeastern Manitoba" was sub
mitted to the J. of For. Research in 1975. The author will 
shepherd this ms. to publication. 

14. Goals for 1976-77: 

None. Study terminated. 

15. Publications: 

Up to 1975-76 

Study (a) 

Sims, H. P. 1964. Root development of jack pine on burned over dry 
sites in southeastern Manitoba. Can. Dep. For. Publ. 1061. 
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Sims, H. P. 1968. Effects of water extracts of burned pine duff on 
germination of jack pine seed. Bi-mon. Res. Notes 24(2). 

Sims, H. P. and N. G. Bruce. 1969. Recovery of vegetation and its 
effects on survival of planted jack pine seedlings after 
a light burn on a mixed pine-hardwood cutover. Pulp and 
Paper Magazine of Canada, February. 

Sims, H. P. 1973. Some ecological effects of prescribed burning 
on cutover jack pine (Pinus banksiana) sites southeastern 
Manitoba. Ph.D. dissertation submitted in fulfillment of 
requirements, Duke University - Accepted. 

Sims, H. P. and Charles H. Buckner. 1973. The effects of clear
cutting and burning of Pinus banksiana forests on the 
populations of small mammals in southeastern Manitoba. 
Amer. MidI. Nat. 90(1):228-231. 

Study (b) 

Mueller-Dombois, D. and H. P. Sims. 1966. Response of three grasses 
to two soils and a water table depth gradient. Ecology 
47:644-648. 

Sims, H. P. and D. Mueller-Dombois. 1968. Effect of grass competi
tion and depth to water table on height growth of coniferous 
tree seedlings. Ecology 49:597-603. 

1975-76 

Sims, H. P. 1976. The effect of prescribed burning on some physical 
soil properties of jack pine sites in southeastern Manitoba. 
C. J. For. Res. (in press). 

Investigator Program Manager 

Director G. T. Silver 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1976 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: The use of prescribed burning in jack pine management in 
southeastern Manitoba. 

3. New: Cont.: X 4. No.: NOR-10-049 

5. Study Leader: H. P. Sims 

6. Key Words: regeneration, Pinus banksiana, planting, seeding, barrel 
scarification, site preparation. 

7. Location of Work: Sandilands Provincial Forest, Manitoba. 

8. Problem: 

By sheer persistence, jack pine cutovers in Manitoba and some in 
Saskatchewan are being restocked. Essentially, an area is scarified, 
planted with nursery stock, and replanted as necessary. Federal 
research, most notably on site preparation methods, has contributed 
to current regeneration successes. 

However, there is in this procedure considerable room for refinement 
and cost reduction. This has been made especially so by the recent 
availability of improved methods of site preparation (e.g., barrel 
saarification and prescribed burning) and by the promises of new 
regeneration techniques such as the use of "assisted (container) 
seedlings". Moreover, direct seeding has not been adequately investi
gated as an economic alternative to planting. 

Fall and spring seeding and planting of jack pine are being tested 
at various intervals after burning or burning and scarifying. Survival 
and growth of planted stock and germination, stocking and growth of 
germinants on direct seeding plots are measured each fall for two 
years, and at five years. 
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9. Study Objectives: 

1. To determine the effect of post-burn intervals before planting 
and seeding. 

2. To compare the success of seeding and planting on areas burned, 
burned and scarified, and scarified. 

10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1967 
Estimated year of completion: 1968 Revised: 1976 
Estimated total Prof. man-years required: 
Essential new major equipment items for 1976-77 with costs: 
Essential new major equipment items beyond 1977 with costs: 
1976-77 man~years Prof. 

Supp. 
Casual 
Total 

11. Progress to Date: 

Accomplishments to beginning of fiscal year under review: 

First, second and third year spring and fall seeding and planting 
have been completed on areas logged during the winter of 1966-67 
and treated (burned, burned and scarified, scarified only) in 
1967. 

Nil 
Nil 

First and second and fifth year examinations of the results of the 
first, second and third year spring and fall seeding and planting have 
been completed. 

12. Goals for 1975-76: 

1. Compilation :md cmalysis of data; preparation of publication. 

2. Terminate study. 

13. Accomplishments in 1975-76: 

1. All analyses have been completed and a report prepared: 

Walker, N. R. and H. P. Sims. 1975. The use of prescribed 
burning in jack pine management in southeastern 
Manitoba. File Rep. NOR 049. 
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This report will be revised to extract two articles for the 
next Forestry Report (Silviculture). 

2. Study terminated. 

14. Goals for 1976-77: 

None. Study terminated. 

15. Publications: 

16. 

Up to 1975-76 

Walker, N. R. and R. C. Dobbs. 1968. The use of prescribed burning 
in jack pine management in southeastern Manitoba. 
Internal Rep. MS-74. 15 pp. 

Walker, N. R. 1969. The use of prescribed burning in jack pine 
management in southeastern Manitoba. Internal Rep. MS-92. 
10 pp. 

1975-76 

Walker, N. R. and H. P. Sims. 1975. The use of prescribed burning 
in jack pine management in southeastern Manitoba. File 
Rep. NOR 049. ;zes,: . 

... ~~ 
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Investigator Program ~nager 

Director G. T. Silver 



NOR-IO-lOS 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1976 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: The effect of rooting volume on the growth of lodgepole pine 
and white spruce seedlings. 

3. New: Cont.: X 4. No.: NOR-IO-IOS 

S. Study Leader: L. W. Carlson 

6. Key Words: container seedlings 

7. Location of Work: Northern Forest Research Centre, Edmonton. 

8. Problem: 

Optimum rooting volume for coniferous container seedlings at different 
stages of their nursery growth has never been determined. Previously 
container size has been decided by convenience and economics. Pre
liminary investigations showed a reduction in size in the first 20 
weeks in rooting volume of less than 2.S cu. ins. This study was 
designed to show optimum rooting volume up to age 20 weeks. 

A knowledge of optimum rooting volume would allow growers to obtain 
near maximum growth in a given time and to decide on necessary 
outplanting size based on limiting container volume. The knowledge 
would also have application in bare root culture. 

The probability of success was high. The results of a preliminary 
investigation had already been put into practice in Alberta, by 
adopting 2.S cu ins. as minimum size. Refinements were anticipated 
by growers. 

A laboratory experiment was designed testing seven volumes from 0.60 
cu ins. to 32.0 cu ins. and testing four volumes (0.6, 2.0, 8.0, 
32.0) in three combinations (1:1, 1:3, 1:6) of diameter and height. 
Growth was measured by destructive sampling at 4, 8, 14 and 20 weeks. 
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9. Study Objectives: 

1. To determine wheather rooting volume (in cylindrical form) 
affects the growth of lodgepole pine seedlings in their 
first twenty weeks from germination. 

2. To determine whether the manner in which a given volume is 
constituted (ratio of diameter/height) affects seedling growth. 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1972 Revised: 1977 
c. Estimated total Prof. man-years required: Nil 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-~ears Prof. 

11. Progress to Date: 

Supp. 
Casual 
Total 

Experimental work, data analyses and manuscripts are completed. The 
work on pine has been published in the Canadian Journal of Forest 
Research. Data on both lodgepole pine and white spruce show that 
volume of container has a direct and positive effect on the growth 
of seedlings. However there are indications that diameter of the 
containers has more of an effect on white spruce than pine. 

12. Goals for 1975-76: 

1. Revise manuscript for white spruce and submit it for publication. 

2. To reexamine data on volume and data on growth in different 
rearing schedules with possibility of publishing article for 
nursery men. 

13. Accomplishments in 1975-76: 

1. The manuscript on white spruce has been submitted to the journal 
for publication. and has been returned for final draft corrections. 

2. The data as they exist would not make a very comprehensive report 
until accompanied by additional work on growth. 

3. Study terminated. 
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14. Coals for ]976-77: 

None. Study terminated. 

15. Publications: 

Up to 1975-76 

Endean, F. 1971. The effect of available rooting volume on the 
growth of lodgepole pine seedlings. North. For. Res. 
Cent. Internal Rep. A-42. 

Endean, F. and L. W. Carlson. 1975. The effect of rooting volume on 
early growth of lodgepole pine seedlings. Can. J. For. 
Res. 5:55-60. 

1975-76 

Carlson, L.W. and F. Endean. 1976. The effect of rooting volume 
and container configuration on the early growth of white 
spruce seedlings. Can. J. For. Res. (in press) 

16. Signatures: 

~w.~ 
Investigator Program Manager 

Director G. T. Silver 



NOR-·1O-I11 

CANADIAN FORESTRY SERVICr 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1976 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: Outplanting trials of the BC/CFS plugs and the RCA sausage 

3. 

5. 

6. 

7. 

8. 

containers in Alberta. 

New: Cont. : X 4. No.: NOR-iO-IIl 

Study Leader: H. J. Johnson 

Key vJords: reforestation 

Location of Work: Alberta 

Problem: 

Tn the past researchers working on reforestation problems in the Prairie 
Provinces have not had the benefit of reliable data from large-scale 
trials or operations on which to rate the field performance of a 
reforestation technique. This "feed-back" is essential as the 
information will have a strong influence on the direction and scope 
of reforestation research in the region. Consequently, trials 
commenced in 1971 to compare two promising plug types of greenhouse 
reared seedlings (BC/CFS plugs and RCA sausages) with conventional 
bare-root plants from standard production runs. It was realized 
that further research was required on optimum rooting volume, 
conformation of the plug, rearing schedules and the hardening-off 
process. ~owever, this is being done concurrently with the initial 
pilot trials. The trials are being replicated over six representative 
sites in the province over a three-year period (1971, 1972 and 1973). 

9. Study Objectives: 

The objectives of this study is to provide survival and growth data 
of promising root-plug reforestation methods for the benefit of 
forest management agencies and the stand establishment research group. 
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10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1976 Revised: 1978 Revised: 1979 
c. Estimated total Prof. man-years required: .8 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.2 (Johnson, H.J.) 

Supp. 0.6 (l-Talker, N. R. ) 
Casual 0.3 
Total 1.1 

11. Progress to Date: 

Six locations in Alberta and one in Northwest Territories were 
selected for the establishment of performance trials of the BC/CFS 
Styroplugs and R.C.A. Peat Sausages. Stock was reared in N.F.R.C. 
greenhouses according to specifications developed at the centre. 
Plantations were estabished in 1971, 1972 and 1973. Because of 
severe damage to plantations by rabbits and extreme drought it was 
necessary to add replicates in 3 areas in 1974. Generally each 
plantation consisted of 2,000 Styroplugs and 2,000 R.C.A. Sausages 
with 500 Conventional 3-0 seedlings planted for comparison. In 
most locations the number of seedlings planted was doubled to test 
both spruce and pine. 

A remeasurement schedule was set up to monitor the plantations 
3 and 5 years after planting. To date first year measurements 
have been made on all plantations and 3rd year measurements on 
the 1971 and 1972 plantations. Progress reports have been prepared 
for all establishments, first year remeasurements and the two third 
year remeasurements. 

12. Goals for 1975-76: 

1. First year survival and growth measurements will be made on all 
areas planted in 1974. 

2. Third-year remeasurements will be made of areas planted in 1972. 

13. Accomplishments in 1975-76: 

1. First year survival and growth measurements were made on all 
areas planted in 1974. 

2. Third-year measurements were made of areas planted in 1972. 

3. A progress report was prepared. 
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2. Fifth-year measurements will be made of areas planted in 1971. 

3. An Information Report on 3rd year results to 1976 will be prepared~ 

15. Publications: 

Up to 1975-76 

Johnson, H. J. 1974. Canadian Forestry Service container planting 
trials in Alberta, Saskatchewan and Hanitoba. Proceedings 
of North American Containerized Forest Tree Seedling 
Symposium. Great Plains Agricultural Council Publication 
No. 68. 

1975-76 

Nil 

16. Signatures: 

Program Manager 

Director G. T. Silver 



NOH-J0-135 

CANADIAN FORESTRY SERVICE 

STUDY STATMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1976 

'1 " I (.; ? • 

1. Project: Improved Regeneration Methods for Commercial Tree Species. 

2. Title: Nursery soil fertility and seedling growth. 

') 
..J. New: Cont.: X 4. No.: NOR-10-135 

5. Study Leader: I. K. Edwards 

6. Key Words: nutrient uptake, plant nutrition, Pinus contorta~ Pinus 
banksiana~ Picea gZauca. 

7. Location of Work: Oliver, Alberta and Prince Albert, Saskatchewan. 

8. Problem: 

Nature of Study: 

Growing bare root and containerized coniferous stock under different 
fertilizer regimes and cultural practices in provincial nurseries 
in order to optimize production. 

Benefits to be expected from the solution: 

1. Higher quality of seedlings in terms of height, weight, top/root 
ratio and higher survival in stand establishment. 

2. Reduced growing cycle in the nursery thus affording more 
efficient use of resources. 

Probability of success: 

High but progress will be slow. Seedlings are grown in nurseries 
for three years before being field-planted. Besides, subsidiary 
work may be necessary to establish firm conclusions about certain 
treatments either in the nursery or at field sites. 



Probability of results being put into practice: 

Potentially high but decision rests entirely with provincial nursery 
management. Demonstration plots may be necessary to accomplish 
implementation. 

Method used: 

Seedlings are grown in the nurseries in the presence of different 
combinations of N, P and K fertilizers. The optimum combination 
will be selected according to seedling quality in the nursery and 
on field survival. Support studies of cultural practices will 
provide data on such aspects as best nutrient source, time and 
method of fertilization. 

9. Study Objectives: 

1. To determine the nutrient requirements of coniferous species 
being produced in the nurseries and greenhouse. 

2. To determine the effect of nutrient regime in the nursery on 
the performance of out-planted stock. 

3. To determine the effects of seedling density, fertilizer 
type, time and method of placement on seedling growth. 

4. To determine the effect of irrigation on the loss of nutrient 
ions from the soil. 

5. To determine the effect of soil amendments on the availability 
of nutrient ions. 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1978 
c. Estimated total Prof. man-years required: 5.8 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyon~ 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.9 

Supp. 1.0 (J. J. Van Dyk) 
Casual 0.3 
Total 2.2 



- 3 -

11. Prog~ess to Date: 

Prince Albert, Saskatchewan: 

Soil analyses completed for transplant fields and recently cleared 
areas. Both sets of data will be incorporated in a final report on 
fertility status of the nursery. 

White spruce and jack pine have been seeded to test the effect of 
timing of fertilization and peat-sulphur applications. The plots 
were suitably maintained under contract. 

Growth data for 1972 trial of N-P-K fertilizers have been collected 
and are being analysed. The results will form the basis for 
fertilizer recommendations. 

The analysis of leachate samples has continued. The data indicate 
greater leaching losses from the more fertile fields. 

Oliver, Alberta: 

l~ite spruce and lodgepole pine have been reseeded in an experiment 
to test N-P·-K fertilization. The plots were suitably maintained 
under contract. 

Edmonton, Alberta: 

Two greenhouse experiments to determine the effect of nutrient regime 
on growth of container seedlings were completed. 

12. Goals for 1975-76: 

Prince Albert, Saskatchewan: 

To continue the experiments of a) timing of application of fertilizers 
and b) peat and sulphur amendments. 

To initiate an experiment to determine the effects of fertilization 
in solid and liquid forms. 

To initiate an experiment to determine 
of nitrogen and phosphorus on growth. 
provide background information for the 

the effect of various sources 
Greenhouse experiments will 
field study. 

To collect and analyze more leachate samples from fields subjected 
to different cropping cycles. 

Oliver, Alberta: 

To continue NPK experiment begun in 1974-75. No new \vork is planned. 
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Edmonton, Alberta: 

To prepare a report, "Nutrient requirements of container seedlings 
during growth in the greenhouse". 

To initiate an experiment to determine the effect of seedling 
nutrition on the ability to tolerate drought stress. 

In the production of container seedlings, manipulation of 
nutrient regimes has been used along with other factors to induce 
dormancy and to develop cold hardiness. A similar approach is 
planned here as drought hardiness is essential to the ultimate 
performance of spring- and summer-planted stock in the region. 

To assist the FIDS Section in sampling and analyzing forest soil 
for inorganic pollutants. 

To provide assistance to the L & D Section in assessing soil fertility 
and tree nutrition problems as requested by industry and government 
agencies. 

To participate in the Prairie Nurserymen's Horkshop and to discuss 
with other participants the production problems of containerized 
and bare-root nursery stock. 

13. Accomplishments in 1975-76: 

Prince Albert, Saskatchewan: 

Continued experiments on a) timing of application of fertilizers 
and b) peat and sulphur amendments. 

Initiated an experiment to determine the effect of fertilization 
in solid and liquid forms. 

Initiated an experiment to determine the effect of various sources 
of nitrogen on growth of seedlings. This was incorporated into #2. 
The N sources are calcium nitrate, urea, ammonium sulphate and 
ammonium nitrate. 

Leachate samples were collected from three fields with different 
cropping cycles. They are being analysed. 

Continued the NPK experiment for the second growing season. The 
plots ",ere maintained under contract. 

This goal was not accomplished due to significant transfer of time 
to environmental and liaison problems. 

Initiated the experiment to determine the effect of seedling nutrition 
on the ability to tolerate drought stress. After growth in the 
greenhouse the seedlings were planted out. 
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Advised and assisted the FIDS Section in collecting and chemically 
analyzing brine-polluted soil. Also assisted with assessment of 
nutrition problems with foliar decline. 

Assisted with chemical analysis and interpretation of results re 
soil, peat, water and plant samples submitted by industry and 
government agencies. A growth problem with red pine seedlings 
at Hadashville was assessed through analysis of soil and foliage 
material submitted by the Winnipeg sub-office. 

Participated in Prairie Nurserymen's Workshop; prepared and discussed 
formulations for nutrition of container seedlings. 

14. Goals for 1976-77: 

1. To publish the report, "Nutrient requirement:::> of container seedlings 
during growth in the greenhouse". This will be a journal publication. 

2. To publish the Information Report "Leaching losses of nutrients 
at the Tree Nursery, Prince Albert, Saskatchewan". 

3. To publish the Information Report "Fertility status of the 
transplant fields at the Tree Nursery, Prince Albert, Saskatchewan". 

4. To complete field work for the experiments on a) timing of 
fertilization and b) effectiveness of peat/sulphur amendments. 
Seedlings will be harvested at the end of the growi~g season 
and growth data recorded. 

5. To continue experiments in the greenhouse and nursery to test 
different sources and forms of nitrogen fertilizers. The 
application of fertilizers will continue. 

6. To continue the experiment to determine the effect of seedling 
nutrition on the ability to tolerate drought stress. Survival 
data will be recorded. 

7. To complete fieldwork for the NPK experiment at the Provincial 
Tree Nursery, Oliver. Growth data will be recorded. 

15. Publications: 

Up to 1975-76 

Edwards, I. K. 1973. Soil fertility status of the seedbed areas 
of the Prince Albert Tree Nursery, Saskatchewan. Inf. 
Rep. NOR-X-46. 
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1101 Lmd, \'J. D. ;Inc! I. K. Edwards. 1971. Sitt' il1Vt'stigatiolis f(lI

loc,ltion of Alherta Forest SCI-vice' Tree Ntlrsen'. Illf. 
Rcp. NOR-X--hR. 

I':<lw;]rds, 1. K. ,lilt! tv. I). Iloll;lJl<i. IC)7'\. FllI-Llit'r sill' il1vl'sti)',;lt ion 

for location of Alhert;1 Forest Service Tree Nursery. 
Inf. Rep. NOR-X-7R. 

Edv.1ards, I. K., W. D. Holland and L. \v. Carlson. 1974. Assessment 
of potential tree nursery sites near Hudson Bay, Saskatchewan. 
Inf. Rep. NOR-X-119. 

Edwards, I. K. 1974. Quality of water and nutrient solution being 
used in container program at Hadashville Nursery, Manitoba. 
File Rep. NOR 135. 

Edwards, I. K. 1974. Assessment of problems of new conifer seedbeds 
at Indian Head Tree Nursery, Saskatchewan. File Rep. NOR 135. 

1975-76 

Edwards, I. K. 1975. Assessment of soil from seedbed at Hadashville 
nursery. File Rep. NOR 135. 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 



NOR-lO-l36 

CANADIAN FORESTRY SERVICE 

STUDY STATHENET 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1976 

1. Project: Improv~d Regeneration Methods for Commercial Tree Species. 

2. Title: Effect of chemical amendments on salinization. 

3. New: Cont.: X 4. No.: NOR-IO-136 

5. Study Leader: I. K. Edwards 

6. Key Ivor-ds: solonetz, soluble salts, drainage, exchangeable sodium, 
Picea gZauca, Pinus contorta. 

7. Location of Work: Oliver, Alberta. 

8. Problem: 

Nature of Study: 

Removing excess salts, (mostly associated with sodium), from clayey 
nursery soil by leaching in the presence of chemical amendments in 
order to improve its productivity. The amendments include sulphur, 
ammonium nitrate, ammonium sulphate, ferrous sulphate, calcium 
sulphate and aluminum sulphate. 

Benefits to be expected from the solution: 

1. Increased production of nursery stock, especially conifers. 

2. Achievement of a more desirable balance of exchangeable cations 
in the soil, i.e. reduced amounts of sodium relative to calcium 
and magnesium. 

Probability of success: 

High. It is very likely that the field portion of the study will 
require a system of underdrainage, at least on a relatively small 
scale, to facilitate percolation of water through the subsoil. To 
date, there has been no commitment on the part of nursery mar.agement 
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to install one but probably they could be persuaded to do so. A 
basic aim of the study is to provide management with data on the 
effectiveness of different ameliorative agents and to assess the 
possibilities for reclamation. Should it be found that reclamation 
is not likely without the incorporation of a drainage system, 
then management would be informed and any further decision would 
be theirs. 

Probability of results being put into practice: 

This will depend entirely on the provincial agencies concerned. The 
results of the study will enable these agencies to make decisions 
concerning the management of a substantial portion of soils at the 
nursery. The affected area comprises about two-thirds of the acreage 
at the nursery and therefore any amelioration of the soil should 
have a beneficial impact on seedling production. 

However, the high clay content of the soil renders it most unsuitable 
for growing coniferous species. The topography is undulating and 
proper drainage will be difficult to attain without prior levelling. 
In agricultural areas, deep plowing (to a depth of 18-24 inches) has 
improved productivity on similar soils and this might be a viable 
alternative at the nursery. Therefore, implementation of any 
research results will depend on the economic implications as seen 
by management. 

Outline of method used: 

Soil collected from the salt-affected area will be placed in columns 
and leached after treatment with chemical ameliorative agents. 
AnalysiS of the leachate and finally, the soil itself, will help to 
determine the effectiveness of these agents in displacing certain 
cations, e.g. sodium, from the exchange complex. 

The more promising of these agents will be checked on nursery plots 
seeded with lodgepole pine and white spruce. At the nursery, 
suction lysimeters will be used to collect samples of soil leachate 
for analysis. 

Adequate subsurface drainage 
nursery phase of the study. 
being used to screen the six 

is essential to the success of the 
The preliminary laboratory work is 
ameliorative agents. 

? ~ I 
1.1 • 
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9. Study Objectives: 

1. To determine the effects of v:1rious kinds of chemical amend
ments on the cation-exchange characteristics of saline and 
alkali soils. 

2. To determine the amount of leaching needed for the removal 
of excess soluble-salts from the profile. 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1974 Revised: 1976 
c. Estimated total Prof. man-years required: 0.1 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.1 

Supp. 
Casual 
Total 0.1 

11. Progress to Date: 

1. Salt-affected soils at Oliver nursery have been delineated and 
data collected on certain physical and chemical characteristics. 

2. Soil, packed in acrylic columns, has been leached with various 
chemical amendments, including ammonium nitrate and ammonium 
sulphate. The rate of leaching was equally slow for all compounds 
used. 

12. Goals for 1975-76: 

To complete preparation of a final report "Characteristics of certain 
soils at the Provincial Tree Nursery, Oliver, Alberta". 

13. Accomplishments in 1975-76: 

The final report was not completed. There was significant transfer 
of time to environmental and liaison problems. 

14. Goals for 1976-77: 

1. Publish the Information Report "Characteristics of certain soils at 
the Provincial Tree Nursery, Oliver, Alberta". 

2. To terminate the study. 



15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Nil 

16. ~SiE2natures : 

Investigator Program Manager 

Director G. T. Silver 



NOH-lO- J 'l7 

CANADIAN FORESTRY SERVTCE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1976 

1. Project: Improved Regeneration Methods for Commercial Tree Species. 

2. Title: Seedling root regeneration. 

3. New: Cont.: X 4. No.: NOR-lO-137 

5. Study Leader: L. Iv. Carlson 

6. Key Words: root regeneration potential (RRP), conifers, Pinus, Picea, 
seedling storage, seedling survival 

7. Location of Work: Northern Forest Research Centre, Edmontoo; Bow Crow 
Forest; Slave Lake Forest; Grande Prairie Forest; 
Alberta. 

8. Problem: 

Nature of Study: 

Survival of conifer seedlings in outplantings in the pra1r1e region 
forests has been the subject of considerable concern. After extensive 
surveys it is suggested that poor survival is primarily due to poor 
ope~ational procedures. In most cases the conditions of presently 
produced seedlings is such that there should not be any cause for 
concern if proper field operational procedures are followed. Control 
over field operations, however, is not within the scope of the present 
CFS research program. The above statement of seedling quality does 
not mean there is not any room for their biological improvement. It 
has been stated that we still do not know the limits of seedling 
growth and that more background research is needed if we are going to 
press those limits (Larson, Proceedings of the North American 
containerized Forest Tree Seedling Symposium). This type of research 
is included in the scope of the CFS program. 
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One such physiological process in conifer seedlings that requires 
better understanding is root regeneration. This process is singled 
out over others because it has a direct effect on seedling survival 
after outplanting (Stone and Schubert, J. For. 57:837-841). 

Environmental factors affecting root regeneration of conifer seedlings 
have been studied and shown to be both nursery related and planting 
site related (Krugman and Stone, For. Sci. 12:451-459; Stone and 
Jenkinson, For. Sci. 16:230-239). However nursery conditions had 
the more profound effects. These and other studies have also shown 
that root regeneration of conifers is periodic and that the greatest 
potential (root regeneration potential-RRP) for root growth occurs 
just prior to budbreak in the spring when the shoot is dormant. 

Survival of bare root stock from the prairie region nurseries usually 
does not become a problem as planting occurs in the spring before 
budbreak. However some fall plantings occurs and success is variable 
depending on the time of seedling lifting {Krugman and Stone point 
out the effect of cold night exposure on RRP, which could explain 
the variable results. 

The situation where bare root stock was used almost exclusively is 
rapidly changing with the heavy commitment to use containerized 
seedlings. The use of these seedlings has extended the planting 
period to include the entire summer. Growing conifer seedlings in 
contc::iners on a year around basis does not allow for normal seasonal 
development (i.e. natural photoperiod, cold night exposure, etc.). 
These factors are needed to produce buds and "deep rest" (it is the 
period just prior to breaking dormancy of buds when the RRP is highest). 
Regardless of the time of year that seedlings are planted they 
should be in a physiological state similar to the onset of bud break 
for the best root growth to occur. This can be attained by regulating 
the environment to bring the seedlings into dormancy, but requires 
an elaborate physical plant where millions of seedlings are concerned. 
Another approach is to apply erogenous hormones to the seedlings that 
would leave them in the desired physiological state. Knowledge of 
the latter technique is vague, but offers the most efficient method 
of handling containerized seedlings. To utilize this technique more 
of the basic physiology of root regeneration should be investigated. 

Survival of conifer seedlings is related to rapid root regeneration 
after outplanting. The quality of root regeneration at any particular 
point in time can be measured and to some extent predicted (Stone and 
Jenkinson, For. Sci. 16:230-239). This process is time consuming 
and in its present state of development limited in scope. To become 
an effective tool in improving and monitoring conifer seedling quality 
the measure of root regeneration potential (RRP) has to be clearly 
defined and evaluation techniques have to be improved. 
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9. Study Objectives: 

1. To determine if white spruee and lodgepole pine seedlings 
demonst rate period i city to root development. 

2. To develop rapid methods for testing the RRP of conifers. 

3. To determine the physiological nature of root regeneration. 

4. To develop methods of applying results for improving containerized 
seedling culture. 

10. Resources: 

a. Starting date: 1973 
b. Estimated year of completion: 1976 Revised: 1979 
c. Estimated total Prof. man-years required: 2.5 
d. Essential new major equipment items for 1976-77 with costs: 

2 additional Rhizometers $3,000 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.6 (Carlson) 

Supp. 0.8 (Wambold) 
Casual 0.3 
Total 1.7 

11. Progress to Date: 

While first year results indicated a positive correlation between 
RRP as measured in greenhouse tests, and field survival one year 
after planting the following year's results are not as positive. 
Because of the time consuming procedure including extensive field 
work it is suggested a different approach to the problem be 
investigated. 

Periodicity of root growth of conifers, whether in their 1st or 2nd 
year of growth, was similar to patterns observed in previous years. 
The periodic response, seen more clearly be comparing shoot/root 
rations, lasts from 1-2 weeks normally with an occasional 3 week 
response. It has been suggested that dry weight measurements of 
growth are questionable and that tests for total proteins would be 
more sensitive and quicker. 

Data on the effect of photosynthetic capability of lodgepole pine 
on its RRP \Ojas inconsistent. Several factors that could be responsible 
were faulty equipment and poor quality seedlings. This approach 
should be reviewed when more sophisticated equipment and techniques 
become available. 
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12. Goals for 1975-76: 

1. To take final field results of the RRF relationsllip to outrlantin~ 
survival of lodgepole pine and white spruce. 

2. To obtain data on periodicity of growth (root and shoot) using 
tests of total proteins and compare them with seedling dry wt. 
data. 

3. To investigate the effect of dwarfing agents (growth regulators) 
on the root regeneration of conifers (since root growth seems 
associated with non-activity in the shoot, growth regulators 
that restrict shoot growth may stimulate root activity). 

4. To study the relationship between initial root surface area 
and the root regeneration potential of conifer seedlings. 

5. To prepare a file report on the methods and results of RRP studies 
to date. 

13. Accomplishments in 1975-76: 

1. The final field results of the RRP relationship to outplanting 
survival of lodgepole pine and white spruce confirmed that 
characterising seedlings by RRP as done in the greenhouse is not 
a reliable method of predicting survival. RRP is expressed as 
the number of new root tips produced within a 30 day period under 
ideal conditions. The production of new root tips is a 
manifestation of complex physiological activity in the plant. 
It is therefore suggested that the physiological nature of root 
tip initiation and growth be investigated to define RRP. 

2. Periodicity of growth using tests for total proteins was not 
completed because the time involved in the protein analyses was 
excessive and the methods complicated so as to make it impractical 
to use this method. 

3. Eleven dwarfing agents were tested for their effect on conifer 
seedling growth (roots and shoots). Increases in spruce root 
growth were recorded consistantly for three chemicals (A-Rest, 
Phosphon D, and ABA). Pine root growth was increased by AMO, 
A-Rest, Phosphon D and Sustar. In most cases top growth was 
increased also despite the chemicals being normal dwarfing agents. 
A-Rest was excellent in reducing shoot ht., but not shoot wt. 
It has promise in areas where shoot growth should be retarded as 
a nursery cultural practice. 
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4. A good part of the year was spent perfecting the rhizometer for 
use in measuring root surface area. Therefore the first tests 
were made using containerized seedlings and the effect of dwarfing 
agents. (Bare root stock will be tested later). All the data 
are not analyzed, but preliminary assessment indicates that 
differences in root growth (i.e. initial and final) can be 
detected easily using the rhizometer. 

5. A file report was not prepared as it was decided to prepare 
several segments for journal publication. At present one article 
is going through in-house review. 

14. Goals for 1976-77: 

1. To continue research on the effect of dwarfing agents (growth 
regulators) on root and shoot growth of conifer seedlings. 

2. To publish a report on the effect of dwarfing agents on conifer 
seedling growth. 

3. To evaluate root area index (RAI), as measured by rhizometer, 
as a tool for predicting seedling behaviour. 

If. To publish a report on "Root growth of conifer seedlings grown 
under varying light conditions" in Bi-Monthly. 

5. To publish a report on the effect of defoliation on RRP of 
conifers in the Bi-Monthly. 

6. To determine if the rhizometer can be used to accurately measure 
the total surface area of conifer needles. This will aid in 
studies relating photosynthesis to root regeneration, (i.e. CO2 
uptake/unit surface area); also relate transpiration to root 
regeneration and seedling survival. 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Nil 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 



NOR-10-152 

CANADIAN FORESTRY SERVICE 

STUDY STATEHENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1976 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: A reconnaissance to determine the stocking status of high 
quality sites in eastern Saskatchewan. 

3. Ne~v: Cont.: X 4. No.: NOR-10-152 (Formerly NOR-10-9S8) 

5. Study Leader: J. Ball 

6. Key Words: silviculture, white spruce, aspen cut-overs, burns, B18a, 
B15, Canada Land Inventory. 

7. Location of Work: C.L.I. Forestry site classes two, three and four 
located mainly in the mixedwood section of the B18a 
in eastern Saskatchewan. 

8. Problem: 

Concern has been expressed over the future of wood supplied in eastern 
Saskatchewan where there are said to be thousands of acres of highly 
productive sites which have been degraded to scrub and brush1and 
through a history of "selective" logging and repeated burns. 

This problem of low productivity on high sites following disturbance 
is fairly common in the BIBa where the incapability of white spruce 
to regenerate itself adequately and establish well stocked stands is 
a generally recognized fact. 

The Pasquia Hills and Hudson Bay areas have consistently produced 
large timber (indicative of high sites) for over half a century. The 
forest industry in this area is expanding rapidly, and the resource 
base of good quality timber is shrinking. Economically, it is 
advisable to return currently unproductive good quality sites to full 
production with site classification and accessiblity determing priority 
of reforestation attempts. 
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Representatives from the various local industries and the provincial 
government through the Saskatche\van Regional Advisory Committee 
have asked for a study to determine the magnitude of poor stocking 
problems on highly capable sites. If the assessment indicates a 
need, this study will provide the information base required for 
design of R&D program to return the land to a productive state. 

9. Study Objectives: 

1. To obtain a stocking and status estimate of highly productive 
forest sites in eastern Saskatchewan. 

2. To make this fundamental data available for forest land 
management. 

10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1977 
c. Estimated total Prof. man-years required: 1.0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.3 (Ball) 

Supp. 0.3 (Kolabinski) 
Casual 
Total 0.6 

11. Progress to Date: 

Highly productive sites (Canada Land Inventory Site Classes t\VO, 
three and four) situated in the Pasquia Hills, Hudson Bay, Pas, 
Swan Lake and Duck Mountain map sheets were located on C.L.I. maps 
of Saskatchewan. High site areas in the Hudson Bay Block were 
transferred fromC.L.I. maps (at 1:50,000) to Saskatchewan cover 
type maps (at 1:15,840). 

12. Goals for 1975-76: 

1. Through discussion with N.F.R.C. and provincial personnel, 
design survey to accomplish study objectives. 

2. To carry out a field survey of selected representative areas 
to determine the status of these in termS of current stocking 
and regeneration. 

3. To prepare a report summarizing the findings and make 
recommendations for future work. 
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13. Accomplishments in 1975-76: 

1. Through discussion with N.F.R.C. and the Saskatche"l<7an government 
a pilot survey at the Hudson Bay Block \.;ras designed involving 
double sampling with regression. 

2. Six flight strips were located in high site areas typed as cutover, 
open (A and B densities), brushland, etc. that were accessible 
for ground truth. ~~en deciduous trees were leafless and snow 
cover absent, approximately 50 miles of three stage colour photo-
8raphy were obtained. 

Stocking estimates of softwood regeneration (on 30 miles of 
three stage colour photography with large scale (1:264-1:528) 
stereo pairs spaced at 8.0 chains) were obtained along with 
other relevant ground truth. 

Field plots were scribed on to large scale photos; identical 
milacre quadrats were scribed on to the photo plots. 

Photo estimates of softwood stocking were then obtained from 
the large scale photos. 

3. Photo-ground comparisons have been made (ground measurements of 
percent stocking of softwoods ~ 12 inches are highly correlated 
(r = 0.94) with percent stocking of visible conifers from photos) 
and are described with techniques and recommendations in a report 
titled "Assessing softwood regeneration from the air using three 
stage colour photography". 

14. Goals for 1976-77: 

1. To fly additional strips in typical problem townships using 
a radar altimeter to provide scale. 

2. To obtain a reconnaissance estimate of softwood stocking for 
the Hudson Bay Block using large scale colour photography. 

3. To present these data in a submission to the Forestry Chronicle 
jointly authored with C. L. Kirby. 
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15. Publications: -

Up to 1975-7f, 

Nil 

1975-76 

Nil 

16. Signatures: 

Program Manager 

Director G. T. Silver 



~OR-lO-l,)5 

CANADIAN FOlmSTRY SERVICE 

STUDY STATEHENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 
Date: January 27, 1976 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: Storage of winter reared containerized conifer seedlinfs. 

3. New: X Cont. 4. No.: NOR-IO-155 

5. ?tudy Leader: H .. Zalasky 

6. .Key Words: winter storage, winter rearing, Pinus sp., Picea sp., 
container seedlings, dormancy. 

7. Location of Hork: Northern Forest Research Centre, Edmonton. 

8. Problem: 

The increased demand for conifer seedlings for reforestation has 
led to the rearing (or demand for rearing) of containerized seedlings 
throughout the year. Seedlings reared in late summer or through the 
winter months present a problem of storage if they are to be used 
during the following planting season. At present there are linlited 
methods for storing these seedlings during the cold northern latitude 
winter months. Indoor storage space is limited and expensive,therefore 
an economically and efficient outdoor method is required. 

Outside storage of containerized seedlings that were sufficiently 
hardened-off before the onset of winter has been carried on for a 
number of years with variable success. Depending on the snow cover 
and the winter conditions the seedlings have been subject to frost 
injury and dessication or have corne through without injury. The 
problem faced with late summer and winter reared material is that 
natural protection of snow is not readily available, nor are the 
seedings in the proper physiological state to enter a winter storage 
period. Regulating outside winter storage of containerized conifer 
seedlings is therefore important in insuring that more seedlings 
\'ill be available for reforestation. Such a program should then 
provide 1) flexibility and safer storage of seedlings; 2) ease of 
handling of containerized seedlings; 3) an increased capacity for 
seedling production; and 4) protection against frost injury and 
dessication. 
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Plan of attack: 

1. Development of methods for winter storage of containerized 
seedlings: 

1. Use of cold storage facilities (f.e. root cellars) 

2. Use of artificial covers to protect seedlings 

- polystyrene 
- artificial snow 
- plastics 
- straw, etc. 

3. Develop special storage methods to save space. 

2. Determine the length of time for initiation to complete dormancy. 

3. Manipulate the container system to bring about dormancy. 

1. Regulate photoperiod 

2. Regulate greenhouse climatic conditions to approximate 
onset of fall and winter. 

3. Possible use of physical and chemical stimuli to bring on 
dormancy (Le. increases in 1AA cone.). 

9. Study Objectives: 

1. To develop a method for winter storage of containerized conifer 
seedlings. 

2. To develop a method to bring about dormancy in winter gro\m 
containerized conifer seedlings. 

10. Resources: 

a. Starting date: 1976 
b. Estimated year of completion: 1981 
c. Estimated total Prof. man-years required: 3.0 
d. Essential new major equipment items for 1976-77 with costs: $1,000 

(Oscilliscope) 
e. Essential new major equipment items beyond 1977 with cost: unknown 
f. 1976-77 man years Prof. 0.4 

Supp. 0.5 
Casual 
Total 0.9 
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13. 

14. 

15. 

16. 
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_Progress to Date: 

Nil 

Goals for 1975-76: 

Nil 

Accomplishment :.I.n 1975--76: 

Nil 

Goals for 1976-77 : 

1. To begin tests on artificial covers to winter stored containerized 
seedlings. 

2. To determine the speed at which dormancy occurs. 

3. To determine if dormancy can be measured with an osci11iscope 
and/or a scanning electron microscope. 

Publications: 

Up to 1975-76 

Nil 

1975-76 

Nil 

Signatures: 

Program Manager 

Director G. T. Silver 



NOR-lO-l.56 

CANADIAN FOTmSTRY SERVICE 

STUDY STATEHENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 27, 1976 

1. Project: Improved regeneration methods for commercial forest species. 

2. Title: Preplanting conditioning of containerized conifer seedlings and 
field performance. 

3. New: X Cont. : 4. No.: NOR-IO-156 

5. Study Leader: H. Zalasky 

6. Key Hords: container seedlings, field performance, growth survival, 
pre-plant conditioning. 

7. Location of 1..Jork: Northern Forest Research Centre, Edmonton and 
Northern Forest Research Centre, Winnipeg 

8. Problem: 

Results of research into the development of the container planting 
system of regenerating forest land, initiated in the early sixties, 
has been generally encouraging (North American Containerized Tree 
Seedling Symposium, Denver, 1974). The system is now in use by all 
provincial forest management agencies and a number of forest industries 
in the region, and is providing strong competition to the more 
traditional bare-root planting methods. 

In the research conducted to date very little effort has gone into 
determining the negative or positive effects of accelerated growth, 
and other rearing practices on field performance of the seedlings. 
Identification of those effects will provide a better biological basis 
for the design of rearing and planting schedules that will allow 
utilization of the full potential of the container planting system. 

Presumably, containerized seedlings should have morphological develop
ment and ecological stability similar to that of natural seedlings. 
They would then be ready to adapt to seasonal growth patterns imposed 
by the field environment and deviate from them as little as possible 



even though nature may at times be harsh. Control experiments have 
to be designed to find how stock conditioning influences performance 
in the field. The aspects of preplanting conditioning that can be 
assessed include: 1) light regimes and means of attaining pvescribed 
light regimes, 2) temperature regimes, 3) nutrient regimes, 4) practice,s 
utilized to "harden-off", "toughen" or otherwise condition the seedling 
before planting, 5) chemical treatments utilized to adjust seedling 
morphology and growth patterns. 

In addition, seedling condition as determined by rearing practices 
must presumably be matched to the field environment to achieve the 
best possible field performance. The main aspects of the field 
environment that can be assessed are microclimate as influenced by 
location and site condition, and season of planting. 

Any effort to relate preplant condition to field performance will 
have to consider some of the transitional stages of conifer seedlings. 
This is all the more important when nursery practice thus far places 
emphasis on continuous growth arrested artifically. Arrested growth 
leaves the shoots at the soft stage of tissue and organ development. 
To understand the silvicultural implications of this practice, the 
basic morphological phases of seedling development in conifers should 
be reviewed. 

During growth, conifer seedlings go through 3 phases of morphological 
development 1) plumule phase; 2) soft-bud phase; 3) hard-bud phase. 
Plumule phase lasts 2 to 3 wk after germination and is terminated with 
an epicotyl above the cotyledon. The soft seedling phase is a period 
of slow growth which may last 2 to 10 years depending upon the conditions 
of the microclimate, especially temperature. These seedlings charac
teritically lack branching or have an intermittent cambial activity 
(growth periods alternating with rest). The latter results in atypical, 
late growth patterns, suppressed apical dominance and subapical etiolation. 
Shoots with intermittent growth have primary and secondary needles and 
specific bud features. The central root tip discontinues growth early 
and develops adventitious and lateral roots. In current practice, it 
appears that the majority of containerized plants are in this phase 
when planted. Plants terminate this transitional phase randomly, 
accelerate their shoot growth and develop a hard-bud phase. Thereafter, 
plants form a whorl of internodal-branches in a regular annual pattern. 

The preplanting seedlings must be characterized for seedling development 
of buds, needles, shoots and roots. Daily examination of seed 
germinants and seedlings should identify any abnormalities whether 
caused by conditioning treatment or by damage during seed set. Chilling 
is the last conditioning treatment. Observations for damage are then 
recorded before plants are sent to the field. Similar characterization 
is also made after planting and first year's establishment because of 
idigenous frost damage and ensuing changes in form and height, in organ 
and tissue morphogenesis, and in growth patterns. 
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Late SUITlJT1er leaders resulting from intermittent cambial activity are 
susceptible to frost injury and subsequently to forking, multistem 
formation, dieback, and cankers. Discolored areas in the bark that 
are bridged by frost ribs and frost burls are also noted. These 
anomalies which have been fully described (Zalasky 1972-1975) may be 
measured visually or with the aid of the oscilloscope. Such data 
may be useful in both characterization and in statistical analysis 
of seedling performance in the field. The techniques can be applied 
also to damage by tolerable and non-tolerable levels of chemicals 
applied to conditioned seedlings. 

Plan of attack: 

1. First year 1976-77 

1. Select site for field studies in Alberta. 

2. Obtain containerized material from each production run at 
Oli.ver and Hinton. 

- two species at each nursery 
- complete histories obtained, plus physical data 

c-. " 
• t I '. 

t,.. ......' __ _ 

- NFRC container material from rearing study also to be used: 
lodgepole pine 

3. Plant seedlings into site on 2 planting dates. 

4. Observe and collect data on field performance. 

- could extend over 3 years 

2. Second year 1977-78 

1. Use same site as in 1976-77 

2. Seedlings prepared by NFRC for experimental work will be 
used. 

- experimental design and treatments to be determined at end 
of first year data collection 1976-77 

3. Plant seedlings into site. 

4. Observe and collect data as before. 
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3. Third year 1978-79 

Same as second year 1977-78 

- vary rearing regimes at NFRC as needed to elu cidate field 
performance 

9. Study Objectives: 

~ ' .. ' 
t.; t. I., 

To determine what types of preplanting conditioning have significant 
effects on conifer seedling field performance. 

10. Resources: 

II. 

12. 

13. 

14. 

a. 
b. 
c. 
d. 

e. 
f. 

Starting date: 1976 
Estimated year of completion: 1980 
Estimated total Prof. man-years required: 2.5 
Essential new major equipment items for 1976-77 with costs: 

(Oscilloscope) 
Essential new major equipment items beyond 1977 with costs: 
1976-77 man years Prof. 0.5 

Supp. 0.5 (Mueller) 
Casual 
Tata1 1.0 

Progress to Date: .-

N.A. - New Study 

Goals for 1975-76: 

:-l.A. - N(;w Study 

Accomplishments in 1975-76: 

N.A. - New Study 

Coals for 1976-77: 

1. To select a site in Alberta to carry out field performance 
studies. 

2. To obtain and plant out containerized material from Oliver, 
Hinton and N.F.R.C. 

3. To design 8. controlled rearing-field performance experiment 
to test the effect of specific rearing practices on seedling 
performance. 

$2,OOO.on 

Nil 
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15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Nil 

16. Signatures: 

Program Manager 

Director G. T. Silver 
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Genetic improvement of commercial forest species 



NOR-12-0S0 

CANADIAN FORESTRY SERVICE 

SWDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: March 2, 1976 

1. Project: C~netic improvement of commercial forest species. 

2. Title: Provenance tests for coniferous species. 

3. New: 

Experiment a. (Formerly MS 187) Provenance experiments with 
the white spruces of Manitoba and Saskatchetvan. 

Experiment b. (Formerly ¥S 089) Red pine (Pinus ~esinosa) 
provenance experiment. 

Experiment c. (Formerly HS 088) Scots pine (Pinus syZ-vest~is) 
provenance experiment. 

Experiment d. (Formerly MS 234) A test of twelve Norway 
spruce provenances from northern Europe and 
Siberia--Riding Mountain Research Area. 

Experiment e. (Formerly MS 019) All-range jack pine 
provenance experiment, Manitoba-Saskatchewan 
sub-experiment. 

Experiment f. (New) Geographic variation in black spruce. 
Northern Region component. 

Cont.: X 4. No.: NOR-12-0S0 

5. Study Leader: J. I. Klein 

6. Key Words: Geographic variation, seed sources, seed zones, Alberta, 
~~nitoba, Saskatchewan, exotic species, Picea abies, 
Picea gZ-auca, Picea ma~ana, Pinus banksiana, Pinus 
~esinosa, Pinus syZ-vest~s. 

7. Location of l-lork: Wasagaming, Vassar, Piney, Mafeking, Sundown and 
Carberry, Manitoba; Holbein, Indian Head, and 
P.A. Pulp Camp 6, Saskatchewan; Reno, Alberta. 

8. Problem: 

This study comprises provenance experiments with six conifer species. 
Five are sub-experiments of cooperative investigations initiated 
by Petawawa Forest Experiment Station. The white spruce experiment 
was undertaken by the District Forest Officer stationed in l-linnipeg. 
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Each experiment involves estahlishment of plantations containing 
populations of varying geographic origin, and comparison of 
performance among populations over an extended number of years. 

Application of the results of this experiment is expected to lead 
to improved productivity of forest plantations, in consequence of 
increasing genetic suitability of seed source. All of the component 
experiments are capable of yielding some progress toward this goal. 
None is capable of disposing of the provenance question as a 
research problem for an important plantation species in this Region. 

Operational application of the results will depend upon their 
inherent practical value, and on availability of seed from the 
desired sources. Interest of provincial foresters in using 
improved seed seems assu~ed. Prospects for practical application 
appear relatively good for the Scots pine experiment, but immediately 
available seed is limited to that produced in the test plantations. 
Probable usefulness of the white spruce and red pine experiments 
is limited by the small number of provenances tested in relation 
to their geographic range. The jack pine and black spruce 
experiments are likely to offer greater practical benefits east 
of this Region. Early growth in the Norway spruce test appears 
to offer little promise of immediate practical usefulness, but 
this prospect may improve in the years to come. 

All six experiments share the familiar general procedure for 
provenance testing. Planting stock is grown from seed of known 
and varying geographic origin. Seed is usually collected from 
several to many trees of each source population. Replicated 
plantations are established in one or more locations. The 
experimental unit is a plot containing some number of trees from 
one source. Performance of the trees from each source is observed 
and scored periodically for as long as the test is deemed worthy 
of maintenance. Inferences are drawn from the performance scores, 
about expected performance of trees that might be grown from 
seed originating in some area about the tested provenances, when 
planted on sites similar to the experimental plantation site. 

9. Study Objectives: 

1. To screen populations of conifer species for possible usefulness 
for planting in various areas within the Northern Region. 

2. To obtain an indication of the probable usefulness of further 
provenance testing or similar research with the species under 
trial and to guide the planning of such research. 

3. To obtain information on patterns of geographic variation in 
the species under trial. 
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4. To identify adapted genotypes among the introduced populations 
for further breeding use. 

10. Resources: 

a. Starting date: white spruce: 1955, red pine: 1958, 
Scots pine: 1960, Norway spruce: 1960,.i ack pine: 1968, 
black spruce: 1971. 

b. Estimated year of completion: indefinite and various. 
c. Estimated total Prof. man-years required: 9.3 
d. Essential new major equipment items for 1976-77 t17ith costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1975-76 man-years Prof. 0.3 

11. Progress to Date: 

White spruce 

Supp. 0.3 
Casual Nil 
Total --0:6 

In May, 1959 a plantation was established near Wasagaming, Manitoba, 
with transplants of 14 Ontario and Quebec populations, plus one 
each from Manitoba and Saskatchewan. Ontario and Ouebec stock 
had been Sown at Petawawa Forest Experiment Station. All planting 
stock except for the Saskatchewan population had been lined out, 
without replication, at the Riding Mountain National Park nursery 
since spring, 1956. The plantation is in random block design 
with 4 replicates and 49-tree square plots. Transplants of 13 
Manitoba and Saskatchewan popUlations plus one Ontario population 
were planted near Wasagaming in September, 1959. Several provenances 
were represented by one single-tree progeny. Plantations lacking 
three of the western populations were established near Big River, 
Saskatchewan and Vassar, Manitoba in September and October, 1959. 
Planting stock production for the three latter plantations was 
carried out in nurseries near the respective planting sites in 
unreplicated plots. Each of these three plantations has three 
replicates with 25-tree square plots. The Big River plantation is 
spaced 4 x 4 feet, the others 6 x 6 feet. 

Height measurements, morphological descriptions, and phenology 
were recorded during the nursery phase for all populations. 
Survival and condition for all plantations t17ere recorded in 1960. 
Dead seedlings were replaced in the western origin plantations in 
1960. Height, survival, and condition were recorded for all 
plantations in 1961, for the Big River plantation in 1965, and 
for the Wasagaming plantations in 1966 and 1970. Chemical and 
mechanical weed control was done in some years. In 1973 the four 
plantations were examined for evaluation of their future status. 
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The Wasagaming and Moodie plantations were judged to merit 
further measurement, but the Big River plantation was so 
heavily browsed as to be useless. 

Red pine 

A plantation was established near Piney, Manitoba, in May, 
1958, with four-year-old transplants produced at Petawawa 
Forest Experiment Station. Nine populations from Ontario, 
Quebec, Michigan, New Brunswick and Nova Scotia were arranged in five 
randomized blocks, with 49-tree square plots at 4 x 4 foot 
spacing. Red pine of local origin was planted in single rows 
between plots, and in two rows surrounding the planting. 
The plantation has been measured three times, most recently 
in June, 1973. 

Scots pine 

Planting of this test was accomplished in May, 1960, near 
Carberry and Piney, Manitoba. The three-year-old transplants 
(2+1) were produced at Petawawa Forest Experiment Station. 
The plantations contain 10 populations from the U.S.S.R. 
and one from Finland. A four-replicate, randomized block 
design was used, with 49-tree square plots at 6 x 6 foot 
spacing. Scots pine transplants (2+2) grown from Manitoba 
seed collections of unknown origin were planted in single 
rows between plots and as a two-row surround. The two 
Manitoba plantations, plus two plantations in Saskatchewan 
of the same age and having the same populations, were 
measured in September 1974. Height and diameter were measured 
in all four plantations. Stem defects, insect attacks, and 
cone production were scored as warranted. The Saskatchewan 
plantations are located near Holbein and Indian Head. 

Norway spruce 

Three-year-old transplants of 12 populations were received 
from Petawawa Forest Experiment Station in May, 1960, and 
lined out promptly in the Riding Mountain National Park nursery 
near Wasagaming. Seven of the populations were of U.S.S.R. 
or Poland provenance, three from Swedish stands of German 
or1g1n, and two were collections from adapted trees at Petawawa. 
In May, 1962, 400 trees of each population were planted 
without replication near Wasagaming. In May, 1963, a plantation 
was established in the same locality, using trees left in the 
nursery from the 1962 plantation, supplemented with trees of 
two populations supplied by Petawawa Forest Experiment Station. 
The 1963 plantation is in random block design with eight replicates 
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and 9-tree square plots at 8 x 8 foot spacing. 1\"0 rm"s of 
planted white spruce form an outer perimeter for each portion of 
the 1963 plantation. The 1963 plantation has been measured f0ur 
times, most recently in May, 1973. The 1962 plantation \"as 
examined in October, 1973, for assessment of its possible 
usefulness as a source of hardy breeding material. 

Jack pine 

Seed of 81 populations of range-wide provenance was sown at Birds 
Hill Research Nursery near Oakbank, M~nitoba in 1969. Seedlings 
from two spring-sown replicates were planted near Sundown, Manitoba 
in May, 1972. Seedlings from the two fall-sown replicates were 
planted near Smeaton, Saskatchewan in June, 1972. The Smeaton 
plantation was unsuccessful, for reasons not readily apparent. 
The Sundown plantation has 5 replicates in lattice-square design, 
4-tree row plots, at a spacing of 6 x 6 feet. Survival and 
condition of the planted seedlings at Sundown were recorded in 
June, 1973. 

Black spruce 

Selected black spruce populations of range-wide origin were 
planted in spring 1975 on prepared sites in Alberta, Saskatchewan, 
and Manitoba. The Alberta plantation, near Reno, has 30 
populations mainly from the north,,,estern portion of the range, 
in rectangular lattice design with 3 replicates. The Saskatchewan 
and Manitoba plantations have 49 populations in lattice-square 
design with 4 replicates each. The Saskatchewan plantation is 
north of Nipawin Provincial Park. The Manitoba plantation, with 
fewer northern and more eastern populations, has 3 replicates 
west of Mafeking at about 700 m elevation, and 1 replicate north 
of Mafeking at 300 m. All plantations have 9-tree square plots, 
at a nominal spacing of 1.8 m. 

Most of the planted trees were grown in extruded peat cylinders 
in 1972, then lined out at the Alberta Provincial Tree Nursery 
near Edmonton in Hay 1973, and lifted in November 1974. Other 
trees were sown at the nursery in 1971 and lifted November 1974, 
or reared entirely in containers. The rearing history of each 
seedling is entered as a code number on the permanent performance 
record form for the experiment. 

Survival and initial height ,,,ere recorded in all three plantations 
during or after the 1975 growing season. 

12. Goals for 1975-76: 

White spruce 

Measure the plantations near Vassar (Moodie) and Wasagaming, Manitoba. 
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Red pine 

Prepare an Information Report entitled "Growth of Red Pine 
Populations in Manitoba", based on the 1973 measurement, and 
assess the value of further maintenance of this experiment. 

Scots pine 

Nil. 

Norway spruce 

Analyze the data from the 1973 measurement. 

Jack pine 

1. Measure the plantation near Sundown, Manitoba, following the 
fourth growing season from planting. 

2. Draft an establishment report for the same plantation. 

Black spruce 

1. Establish three test plantations on the sites prepared in 1974. 

2. Record survival during the first growing season in plantation. 

13. Accomplishments in 1975-76: 

White spruce 

The plantations near Vassar (Moodie) and Wasagaming, Manitoba 
were not measured owing to lack of sufficient manpower and funds. 

Red pine 

The first draft has been typed for a report entitled "Growth and 
survival of red pine populations in Manitoba 15 years after 
planting", but the report has not been approved for publication. 

Scots pine 

Nil 

Norway spruce 

Data from the 1973 measurement were not analyzed owing to lack 
of sufficient time. 

n ,,' , .: , ~ 
t.,. ,,' 
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Jack pine 

1. The plantation near Sundown, Manitoba, was not measured 
owing to lack of sufficient manpower and funds. 

2. An establishment report for this plantation was completed 
and placed in the project file. 

Black spruce 

1. Test plantations were planted in Alberta, Saskatchewan, 
and Manitoba. 

2. The plantations were measured during or after the first 
growing season to provide a record of initial plant size 
as well as of survival. 

This project consumed 0.28 professional man-years in 1975. 

14. Goals for 1976-77: 

White spruce 

Nil 

Red pine 

Publish an Information Report entitled "Growth and survival of 
red pine populations in Manitoba 15 years after planting." 

Scots pine 

Nil 

Norway spruce 

Publish an Information Report entitled "Growth and survival of 
Norway spruce populations in Manitoba 10 years after planting". 

Jack pine 

Measure the plantation near Sundown, Manitoba, after the fifth 
growing season from planting. 

Black spruce 

1. Plant substitute population in Alberta and Saskatchewan 
plantations. 

2. Place marker posts around the Saskatchewan plantation. 

3. Draft a file report entitled "Establishment of black spruce 
provenance test plantations in Alberta, Saskatchewan, and 
Manitoba, 1975". 
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15. Publications: 

Up to 1975-76 

Haij!, R.A. 1963. Project MS-234. A test of twelve Norway 
spruce provenances from northern Europe and Siberia-
Riding }buntain Research Area. Canada, Dept. of Forestry, 
Forest Res. Br. Estab. Rep. 63-MS-20. 5 pp. + App. 

Klein, J.I. 1971. Performance of Russian Scots pine populations 
in Manitoba and Ontario. Canada, Dept. of the Environment, 
Canadian Forestry Servo Inform. Rep. NOR-X-2. 12 pp. 

Roller, K.J. 1967. Tree improvement in the Manitoba-Saskatchewan 
Region. Proc. 10th Meet. Cornrn. Forest Tree Breed. Can., 
Vancouver, B.C., Sept. 1966. Part 2:123-143. 

Roller, K.J. 1968. }brtality and height growth of red pine 
provenances in Manitoba. Bi-rnonthly Res. Notes 24(4):34-35. 

Roller, K.J. 1971. Survival and height growth of Norway spruce 
in central Manitoba. Bi-monthly Res. Notes 27(4):28. 

Roller, K.J. 1971. Provenance trial with white spruce of 
different seed sources in central Manitoba. Proc. 13th 
Meet. Cornrn. Forest Tree Breed. Can., Prince George, 
B.C., Aug. 1971. Part 1:97-100. 

Waldron, R.M. 1960. Provenance experiments with the white spruce 
of Manitoba and Saskatchewan. Canada, Dept. of Northern Aff. 
and National Resources, Forestry Br., Forest Res. Div. 
Progress Rep. 4 pp. 

Waldron, R.M. 1963. Provenance experiments with the white spruce 
of Manitoba and Saskatchewan. Canada, Dept. of Forestry, 
Forest Res. Br. Progress Rep. 63-MS-IO. 3 pp. 

Wheaton, M.P.H. 1960. Provenance experiments with the white 
spruce of Manitoba and Saskatchewan. Canada, Dept. of 
Northern Aff. and National Resources, Forestry Br., Forest 
Res. Div. Progress Rep. 28 pp. 

1975-76 

Klein, J.I. 1975. Establishment of a jack pine provenance 
experiment plantation in southeastern Manitoba, 1972. 
Can. Dept. Environment, For. Serv., North. For. Res. Centre. 
File Rep. NOR 050. 18 p. 
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16. Signatures: 

Inve8'figator Program Manager 

Director G. T. Silver 



NOR-12-051 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: March 2, 1976 

1. Project: Genetic improvement of commercial forest species. 

2. Title: Breeding jack pine for the Northern Region. I.' First 
selection cycle. 

3. New: Cont.: X 4. No.: NOR-12-05l 

5. Study Leader: J. I. Klein 

6. Key Words: Pinus banksiana, progeny test, family test. 

7. Location of Work: Sundown, Marchand, Stead, Oakbank, Manitoba; 
Smeaton, Meadow Lake, Saskatchewan; Whitecourt, 
Alberta. 

8. Problem: 

This study is the first step in an applied breeding program, aiming 
to identify superior genotypes Hithin a gene pool assembled from 
the wild base population. Genotypes identified as superior will 
then be propagated by provincial forestry agencies for establishment 
of seed orchards. Seedlings grown from seed produced in the orchards, 
or produced in source stands identified as superior, will form 
stands expected to be more productive than either plantations from 
unimproved seed or natural regeneration. 

The design of the 
genetic variation 
as genetic gain. 
population, hence 
will not be known 
results have been 

study virtually assures that most of the available 
in the base population will be effectively exploited 
The magnitude of this variation in the base 
the actual amount of genetic gain to be expected, 
until study results are analyzed. Only preliminary 
reported from similar studies with this species. 

Application of the study's results will involve establishment and 
management of seed orchards by provincial forestry agencies, and 
establishment of plantations using the seed produced in them. An 
additional application, compatible with that above, would involve 
management for seed production of natural stands identified as being 

., 1 . 
t.! l ~ 
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genetically superior by the study results. Forestry officials in 
Saskatchewan and Manitoba have expressed interest in the study. 
Their willingness to invest resources in production of improved seed 
will doubtless be influenced by the magnitude of genetic gain achieved, 
and the importance of artificial regeneration of jack pine at the 
time improved genotypes are identified. 

The area of jack pine planting interest in the Region was divided into 
three breeding districts, e.g., eastern Manitoba, western Manitoba 
and eastern Saskatchewan, and central Saskatchewan west to eastern 
Alberta. In each breeding district, family tests are established on 
representative sites, using open-pollinated progenies of parent trees 
selected primarily within each district. Each family test includes 
216 entries in cubic lattice design, of which one or two are controls. 
The eastern district test has 15 replicates and 4 tree plots, hence 60 
trees per family and nearly 13,000 plot trees. The central and western 
district tests have 12 replicates with the same plot size distributed 
on four sites in each district, hence 48 trees per family and 10,368 
total plot trees per district. The total number of plot trees for the 
three breeding districts is thus nearly 35,000. 

Clone banks will be developed to preserve the parental genotypes. Family 
performance, in terms of productivity and stem quality, will be scored 
periodically for ranking of parental genotypes, identification of 
superior progeny genotypes, and estimation of genetic gain. Whenever 
estimated genetic gain appears adequate for the purpose, scoring results 
will be supplied to provincial forestry agencies for establishment of 
seed orchards or designation of natural stands for seed production 
management. Successive measurements of the progeny test plantations 
may lead to establishment of additional seed orchard acreage having 
different composition from the earlier ones, to reflect changes in 
performance scores. 

9. Study Objectives: 

To produce jack pine seed genetically improved in terms of economic 
yield. 

10. Resources: 

a. Starting date: 1966 
b. Estimated year of completion: 2001. Revised: 
c. Estimated total Prof. man-years required: 13.6 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.7 

Supp. 0.7 
Casual 0.3 
Total 1.7 
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11. Progress to Date: 

Collection of breeding materials, seed processing, grafting of scions 
f'rom parent trees, and planting of primary grafted ramets in 
preliminary clone banks was begun in October 1967 and completed 
July 1972. 

Family tests have been planted for the eastern and western 
breeding districts, in 1972 and 1974, respectively. Site 
preparation, except for staking-out, and rearing of planting stock 
have been completed for the central breeding district family test, 
to be planted in spring 1976. All three tests have 216 entries 
which are nearly all open-pollinated progenies of parent trees 
selected within the breeding district of the test, are in cubic 
lattice design with 4-tree row-plots and 12 or 15 replicates on 
four sites, and are or will be fenced. 

An experimental seedling seed orchard using 220 eastern district 
families was planted at Birds Hill Research Nursery in 1972. Of 
the 6,500 secondary ramets required to complete the permanent 
clone banks, about 9Qo have been successfully grafted to date. 
The eastern breeding district family test was measured after the 
second growing season from planting. Statistical analysis of 
this measurement is in progress. 

12. Goals for 1975-76: 

1. Collect scions from preliminary clone banks at Oakhank and 
Whitecourt, and graft 1500 to 2000 secondary ramets for 
permanent clone banks. About half of the grafts are scheduled 
to be made in the winter of 1975-76. 

2. Pot 1,200 rootstocks for 1976 grafting. 

3. Select, scarify, and stake out planting sites for the central 
district family test. 

4. Sow and rear seedlings for the central district family test. 

5. Measure the western district family test after the second 
growing season from planting. 

6. Thin the seedling seed orchard at Oakbank. 

13. Accomplishments in 1975-76: 

1. 864 secondary ramets were grafted by contract in spring 1975, 
of which 688 were alive in late summer. Funds, manpower, and 

3iL 
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greenhouse space were all unavailable for the second half 
of the grafting goal. 

2. 1200 rootstocks were potted for 1976 grafting, of which about 
1100 were alive in late summer. 

3. Four planting sites were selected in the central breeding 
district and were scarified. Owing to time and cost over
runs for scarification, there were not sufficient resources 
for staking out the sites. 

4. Planting stock for the central district family test was 
sown and reared in containers, and has been arranged 
according to the test design. 

5. The western district family test was not measured, owing 
to lack of sufficient manpower and funds. 

6. Thinning of the seedling seed orchard was not done, owing 
to lack of sufficient manpower and funds. 

This project consumed 0.72 professional man-years in 1975. 

14. Goals for 1976-77: 

1. Establish the central district family test. 

2. Graft 1100 secondary ramets. 

3. Rear 1500 rootstocks for grafting in 1977. 

4. Plant the permanent eastern district clone bank. 

5. Select a planting site at the Chip Lake research planting 
area for the regional permanent clone bank. 

6. Remeasure the eastern district family test after the fifth 
growing season from planting. 

7. Draft a file report entitled "Establishment of jack pine 
family test plantations in central and western Saskatchewan". 

8. Perform duties as Chairman of Canadian Tree Improvement 
Association. 

15. Publications: 

Up to 1975-76 

Klein, J.I. 1969. Breeding jack pine for the Manitoba
Saskatchewan Region. Proc. 11th Meet. Comm. For. Tree 
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Breed. Can., MacDonald College, P.Q., Aug. 1968. Part 2, 
pp. 111-114. 

Klein, J.I. 1970. Breeding by population synthesis. Second 
World Consultation on Forest Tree Breeding, Washington, 
D.C., Aug. 1969. Food and Agr. Org. of the United 
Nations, Rome Vol. 2, pp. 1227-1234. 

Klein, J.I. 1971. The pine genetics program in Manitoba and 
Saskatchewan. Proc. 12th Meet. Comma For. Tree. Breed. 
Can., Ouebec, P.O., Aug. 1970. Part 2, pp. 133-134. 

Klein, J.I. 1971. Tree improvement in the Prairies Region, 
1970-71. In Proc. 13th Meet. Comma For. Tree. Breed. Can., 
Prince George, B.C., Aug. 1971. Part 1, p. 95. 

Klein, J.I. 1973. Selection and mating for production of 
second-cycle populations for a .iack pine breeding program 
in western Canada. ~ Selection and breeding to improve 
some tropical conifers. Edited b~ Burley, J. and Nikles, D. r:. 
Commonwealth Forestry Institute, Oxford University, England 
and Dept. of Forestry, Queensland, Australia. Vol. 2, 
pp. 449-455. 

Klein, J.I. 1973. Establishment of jack pine family test 
plantations in eastern Manitoba, 1972. Can. Dept. Environ., 
Can. For. Serv., Edmonton, Alberta. Int. Rept. NOR-17. 37 p. 

Klein, J.I. 1974. A jack pine seedling seed orchard of unusual 
design. Proc. 21st Northeast For. Tree Impr. Conf., 
Fredericton, N.B., Aug. 1973. pp. 55-58. 

1975-76 

Klein, J.I. 1975. Tree improvement in the Northern Region. 
Proc. 14th Meet. Can. Tree Impr. Assoc., Fredericton, N.B., 
Aug. 1973. Part 1:157-159. 

16. SiSE:atures: 

". i~ l/r 1// &n l /' .. 1 
Program Manager 

Director G. T. Silver 



PROJECT NOR - 13 

Maintenance and improvement of water yield and quality 



NOR-13-0l7 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 10, 1976 

1. Project: Maintenance and improvement of water yield and quality 

2. Title: Research coordination"in the Alberta Watershed Research 
Program; Marmot, Streeter, Deer Creek, Tri-Creeks, 
Cache Percotte, Spring Creek Experimental Basins. 

3. New: Cont.: X 4. No.: NOR-13-0l7 

5. 

6. 

7. 

8. 

Study Leader: R.H. Swanson, D.L. Golding 

Kei: Words: Hydrology, forest climate, gauged basin. 

Location of Work: Marmot Basin 115°09'05" W 50°56'57" N 
Streeter Basin 114°03'48" W 50°06'59" N 
Deer Creek Basin 115°08'00" W 51°39'24" N 
Cache Percotte 117°30'00" W 52°23'00" N 
Tri-Creeks 11]015' 00" W 53°09'00" N 
Spring Creek 11]051' 11" W 54°55'06" N 

Problem: 

The principal need for this study is to clearly identify the role 
of the Canadian Forestry Service in the coordination of research 
activities within the Alberta Watershed Research Program. Since 
the inception of the Alberta (East Slopes) Watershed Research 
Program in 1960, the Canadian Forestry Service has supplied the 
research coordinator. His role historically has been to suggest 
projects, deal with cooperators in furthering their research within 
Marmot, Streeter and Deer Creek experimental basins, and to provide 
a focal point for information exchange. He was also responsible for 
bringing numerous cooperating agencies together to form working 
groups to plan and carry out joint research projects. 

In 1969 this role was changed. A sharp distinction between 
cooperative and coordinated research was defined and the program 
was expanded to include all of Alberta. Two programs were recognized: 
a cooperative effort with little or no coordination; and a problem 
oriented effort with a research-management coordinator in charge. 
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In the cooperative program, each cooperator was more or less placed 
on his own initiative to conduct any research as long as it did not 
conflict unduly with other cooperators, and did not involve a 
vegetative or topographic treatment that would significantly alter 
the natural hydrologic regime of any basin or sub-basin. Within 
each experimental basin, a large number of independent research 
studies are being conducted both by members of the Canadian Forestry 
Service, and by the cooperating agencies. Those conducted by the 
Canadian Forestry Service are covered separately as studies in 
themselves. 

The problem oriented phase became the coordinated effort. Each 
basin has a treatment phase during which it no longer is used merely 
as a place to do research, but becomes in itself a research project. 
Each basin when established had a problem oriented treatment phase. 

Marmot: 

1. Are the present high altitude spruce-fir forest timber harvesting 
guidelines effective in maintaining watershed condition and 
suitable water quality? 

2. How can non-commercial spruce-fir stands be harvested to improve 
water supplies? 

Streeter: 

Does aspen-brush removal and subsequent grazing deteriorate range 
land-watershed quality? 

Deer Creek: 

What influence does lodgepole pine commercial harvesting operations 
(technique not spelled out) have on watershed condition and water 
quality and yield? 

Tri-Creeks: 

Will a change in operating procedures to allow large block or 
continuous clearcut from the present forty-acre strips be detrimental 
to watershed condition and water quality as fish habitat? 

Are high flood peaks associated with the farm lands in the vicinity 
a result of agricultural clearing and operations? 

Cache Percotte: 

What is the influence of various harvesting techniques and systems 
on watershed condition, water quality and yield? 

'/ 
(.J '-, 
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These problems require carefully designed and t>xccuted experiments 
to insure that the results satisfy the objective. Thus coordination 
now involves planning research projects and/or demonstrations aimed 
at solving specific watershed problems and enlisting the aid of 
cooperating agencies in carrying out these plans. This coordination 
role has been divided between management and research with the 
Alberta Forest Service furnishing the management coordination. 
This is a significant step as prior to 1969, no person or persons 
were specifically charged with planning a coordinated research 
program. Relevant research was more a fortunate happenstance 
than the result of planned activity. 

9. Study Objectiv~ 

To coordinate the efforts of cooperating agencies toward fulfilling 
the following: 

1. To learn how to manage forested public lands for the protection 
of existing water supplies and the enhancement of future supply 
by alteration of regime or yield through timber harvesting. 

2. To broaden the overall knowledge base in hydrology of range 
lands, forest land and alpine areas. 

3. To propose and to test specific land management practice 
designed to increase annual water yield, retard flood peaks 
or improve on-site watershed condition. 

4. To evaluate and test existing land management practice with 
respect to their influence on the hydrologic regime of 
specified test areas. 

5. To act as consultant and adviser in proposing and evaluating 
the influence of various land management practice on the local 
and regional surface and groundwater hydrology. 

10. Resources: ------
a. Starting date: 1960 
b. Estimated year of completion: continuing function - no terminus. 
c. Estimated total Prof. man-years required: .7 per year. 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1975-76 man years Prof. 0.8 (Swanson 0.6; Golding 0.2) 

:. '") . 
t' _, (, 

Support 1.6 (Fisera 1.0; Cumberland 0.5; Lafleur 0.1) 
Casual Nil 
Total 2.4 

11. Progress to date: (Coordination aspect only. Research covered under 
appropriate study statement). 
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Marmot: 

1. Data has been collected from the various networks describing 
climate, ground and surface water hydrology. Some data 
collection, originally a part of various research projects but 
extended beyond the completion of such projects, has been 
discontinued due to non-interest in the data. 

2. Harvest roads were constructed in 1971 and evaluated for 
erosion and sediment production during 1972-3. No increases 
in suspended sediment occurred. Harvest blocks ranging from 
12 to 29 acres were clearcut in 1974 by Spray Lakes Lumber 
Company. All standing material on the blocks was laid flat. 
Slash was left in place to allow evaluation of the cut alone 
without the subsequent soil disturbance of slash disposal 
and scarification. 

3. Treatments on any sub basin of Marmot can be evaluated by 
regression and/or hydrologic model. Both give excellent 
results. 

Streeter: 

1. Streamflow data collection from the three sub-basins was reduced 
from continuous recording to periodic manual reading. Data 
collection continued from the main stream as part of the Water 
Survey of Canada's regional inventory network. 

2. A treatment has been designed for improving the range quality 
for wildlife and domestic livestock. 

Deer Creek: 

1. The basin 
studies. 
available 
available 

has been maintained as an experimental area for plot 
Data from the main stream gauge is collected and is 
from Water Survey of Canada. Climatic data is 
from the Department of Environment, Atmospheric Environ-

ment Service. 

Tri-Creeks: 

Tri-Creeks data has been compiled and the annual compilation for 
1967-1975 are available upon request from the Alberta Forest Service. 
The treatment plan has been revised from a summer logging to a 
winter operation. Harvest is tentatively scheduled to begin in 1978 • 

.§.E.ring Creek: 

Treatment on this basin is planned and an appeal for more onsite 
evaluation has been received from the Alberta Water Resources 
Coordinator. 
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Cache Percotte: 

Cache Percotte is operated as an outdoor laboratory for the Hinton 
Forest Technology School. No treatment is planned. It is 
available for non destructive plot studies. 

Other: 

The coordinators have served as advisors and agency contacts to 
the Environmental Protection Service in its role of assessing 
the proposed Mackenzie Valley Highway. 

The Research Coordinating Committee served as a forum for a 
cooperative impact assessment of timber harvest on water yield, 
sediment, and climate in the North Western Pulp and Power Co.'s 
lease at Hinton. The results are reported under NOR-14-121. 

12. Goals for 1975-76: 

1. Evaluate the effect of harvesting Marmot on water yield, timing, 
sediment production, water quality, snow accumulation and melt. 
(Swanson, Golding, Hillman, Rothwell and Singh). 

2. Finalize Streeter basin treatment and arrange for financing the 
treatment. (Golding) 

3. Publish Marmot mathematical model. (Golding) 

4. Present paper "A model to predict temporal distribution of 
streamflow after harvesting a forested mountain watershed", 
at the Symp. on Mathematical Models in Hydrology, Czechoslovakia, 
Sept. 8-13, 1975. (Golding) 

5. Continue to advise on northern development. (Swanson, Golding) 

6. Continue assistance to cooperators in all basins. (Swanson) 

7. Carry out simulation modelling of the chemical constituents 
of the waters of Marmot Creek, to obtain the change in such 
constituents over time and under varying input conditions. 
(Singh) - transfer to NOR-104. 

8. Prepare Study Progress Report for NOR-017. 

9. Prepare Project Progress Report for NOR-013. 

10. As co-author with Don Storr, prepare paper for Western Snow 
Conf. on April 1974 snowstorm relating snowpi1low data and 
precipitation recording gauge with elevation. (Golding) 
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11. To prepare and publish a paper on inventory needs in watershed 
management for C.l.F. forest inventory workshop. (Swanson) 

12. To attend and report on Canadian Hydrology Symposium and 
Associate Committee on Hydrology as alternate for Director
General C.F.S. (Swanson) 

13. To initiate cooperative study with University of Haterloo 
on groundwater-surface water separation in Marmot using 
0-18. (Swanson) 

13. Accomplishments 1975-76: 

1. Tasks have been assigned to members of the hydrology section 
in keeping with their discipline interest. The first year's 
treatment effects have been evaluated and a Forestry Report as 
well as an information report is in preparation. Actual 
evaluation work is covered under appropriate studies, i.e. 

a. Snow accumulation - NOR-I03 Golding 
b. Sediment production - NOR-I04 Rothwell 
c. Water quality - NOR-I04 Singh 
d. Soil water changes - NOR-083 Hillman 

The effect on water yield and timing is being covered as a 
general coordination duty by Swanson. 

2. A final plan was prepared and approved by Steering Committees 
for their final concurrence and financial support. Steps have 
been initiated to procure a contractor to carry out the treatment. 
Golding is in charge of the treatment and its evaluation. 

3. Time not available to pursue this goal. 

4. The paper and model were forwarded to the seminar committee. 
The seminar took the form of a workshop in which various models 
were run and discussed. It is our understanding that our model 
did function and was used in the workshop. Golding prepared 
the materials but was not approved for attendance. 

5. Golding has continued as member of Mackenzie Highway Committee. 
No requests to Swanson re Northern Development. 

6. General assistance in use of facilities continued. Specific 
research request for use of Marmot by University of Waterloo-
see item ll.c. below (Swanson). Relayed requests from Alberta 
Water Resources for help in evaluating the Spring Creek treatment. 
Will travel to Spring Creek in coming year to see if C.F.S. can 
assist (Swanson). 

'1 C< , 
. \ ,/, 
t. •. ,,} t.,. 
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7. Goal transferred to NOR-l04. 

8. Awaiting further instructions on these before proceeding. 

9. Awaiting further instructions on these before proceeding. 

10. Paper has been prepared and is in review process (Golding). 
Goal should actually be under study NOR-l03. 

11. a. Paper was prepared by Swanson. Presented at C.r.F. 
workshop by Fred Haavisto. Great Lakes Forest Research 
Centre. 

b. Attended both symposium and associate committee on 
Hydrology meeting. A report was prepared and forwarded 
to Armitage in Ottawa on both the events. Swanson was 
assigned to task force to "define a national basin 
program for Canada". 

c. Arranged for M. Sklash, University of Waterloo to 
obtain groundwater, stream and precipitation samples from 
Marmot on a regular schedule. 

14. Goals for 1976-77 -----------
1. Publish Forestry Reports on the Preliminary effects of the 

Marmot commercial harvest (Swanson editor, with section con
tributions). 

2. Present paper on manipulating watersheds for water resource 
objectives at Alberta Environment Hydro-Tech. seminar. Publish 
same paper as journal article (Swanson). 

3. Start information report on the organization, accomplishments 
and future of the Alberta Watershed Research Program (Swanson). 

4. Write plan for Marmot-Twin Sub basin treatment. Obtain review, 
Steering Committee approval. Layout on ground if approved 
before winter (Swanson). 

5. Continue Marmot-Cabin sub basin treatment evaluation (Swanson 
plus section under appropriate studies). 

6. Write project and Study Progress reports. 

7. Host National Research Council, Associate Committee on 
Hydrology Meeting at K.F.E.S. in June 1976 (Swanson). 

8. Work with task force members in defining a National Basin 
Program for Canada (Swanson). 

n r . 
:~ l ~ 
t,; . _I \ ' 
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9. Treat Streeter Basin in accordance with approved plan (Golding). 

10. Continue to advise on northern development (Swanson, Golding). 

11. Continue assistance to cooperators on all basins. (Swanson) 

12. Advise Regional Director on present and future course of 
hydrology work (Swanson). 

13. Write a summary report on Marmot basin research program (Swanson). 

15. Publications: 

Up to 1975-76 

Annual report to Steering Committee (each year since 1968). 

Swanson, R.H. 1970. Local snow distribution is not a function of 
local topography under continuous tree cover. New Zealand 
Journal of Hydrology 9(2): 292-298. 

Swanson, R.H. 1971. Forest habitat inventory requirements for 
watershed management. In: Proceedings of symposium on 
forest and land inventory for management, Kirby and Nolasco, 
eds: Northern Forest Research Centre, Canadian Forestry 
Service, Edmonton. pp. 73-78. 

Swanson, R.H. and Stevenson, D.R. 1971. Managing snow accumulation 
and melt under leafless aspen to enhance watershed values. 
Proceedings 39th Annual Western Snow Conf., Billings, Montana. 
pp. 63-69. 

Swanson, R.H. 1972. Small openings in poplar forest increase 
snow accumulation. Proceedings IHD, WMO, UNESCO joint symposia 
on the Role of Snow and Ice in Hydrology, Sept. 5-14, 1972, 
Banff, Canada. 

Swanson, R.H. 1972. Forest hydrology in Canada - more water 
probably not wanted. Proceedings 7th World Forestry Congress, 
Oct. 4-18, 1972, Buenos Aires, Argentina. 

Swanson, R.H. 1973. IHD report on Marmot, Streeter, Deer Creek 
basins, the clear harvesting impact study and transpiration 
study. 

Department of the Environment. 1973. Land use and Resource 
Development in the East Slopes of Alberta. Watershed portion. 
A brief presented to the Government of Alberta, Environment 
Conservation Authority. July 1973. pp. 150. 

~) (; I 
'. I , 
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Forestry Reports, Vol. 3, No.4. Timber Harvest - Its Impact on 
Water, Sediment and Wildlife Production. 

Swanson, R.H. 1973. Lecture notes on Land use Hydrology, VII 
Familiarization Seminar on Hydrology. IHD, University of 
Alberta, Aug. 27-Sept. 14, 1973. pp. 21. Mimeo. 

Golding, D.L. (editor). 1974. Managing forest lands for water: 
proceedings of research-management seminar held at Edmonton, 
January 1970. N.F.R.C. Information Report NOR-X-13. 

Golding, D.L. 1974. Watershed management practices on Marmot 
Creek basin. In: Proc. Practical Forest Watershed 
Management Workshop, April 23-24, 1974, Cranbrook, B.C. 
Assoc. B.C. Prof. Foresters, Faculty of Forestry and Centre 
for Continuing Education, U.B.C. 

1975-76 

Swanson, R.H. 1975. Inventory for Watershed Management. In: 
Proceedings. C.I.F. Workshop on Inventory Methods, 
Dorset, Ontario. 24-27 June 1975. 

Golding, D.L. 1975. A model to predict temporal distribution of 
streamflow after harvesting a forested mountain watershed. 
Symposium on mathematical models in Hydrology, Czechoslovakia. 
8-13 Sept. 1975. 

16. Signatures: 

iZ/dl/ 
Investigator Program Manager 

Director G. T. Silver 

'1 '). l 
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NOR-13-082 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 10, 1976 

1. Project~_ Maintenance and improvement of water yield and quality. 

2. Title: Potential energy available for snow evaporation in winter 
along the east slopes of the Rocky Mountains in Alberta. 

3. New: Cont.: X 4. No.: NOR-13-082 

5. Study Leader: D.L. Golding 

6. Key Words: Chinook winds, snow accumulation, climate, foehn, 
meteorology. 

7. Location of Work: Alberta East Slopes. 

8. Problem: 

Watershed management to increase water supply or change the timing 
of its delivery is principally snowpack management in areas such as 
Alberta. Some increase in streamflow can be directly attributable 
to reduced transpiration and interception following vegetation 
removal, but total removal often results in high flood peaks, in 
most cases an undesirable alteration of streamflow regime. Properly 
executed timber removal on snow-covered watersheds has the potential 
of increasing streamflow and delaying water delivery at the same 
time. Both of these are generally desirable features. 

The east slopes of Alberta's Rocky Mountains produce 90% or more 
of the streamflow in the Saskatchewan River System, at least 60% 
of which originates as snow. Snowpack management is an important 
part of land management for water values. In some years much of 
the snowpack in particular areas is evaporated by chinook activity. 
However, we do not know to what elevation chinooks are important 
in removing snowpack, or the probability of recurrence from year 
to year. 

The climatic maps of Longley (1968) give some indication of where 
chinooks are an important climatic factor, but this is based only on 
the criterion of air temperatures being above 40°F. It is very 
likely that dry winds at temperatures below 32°F have considerable 
influence on snow removal as well. 
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To effectively manage forests for water values we must know where and 
under what circumstances the major precipitation parameter, snow, is 
a manageable resource. This will allow concentration on those areas 
where the results of snowpack management for accumulation and melt 
rates will have a high probability of producing the desired changes 
in streamflow. 

The probability is not very high of completely achieving Objective 2, 
although the probability is high of achieving a degree of success 
sufficient to satisfy the ne~d for delineating areas where snowpack
management potential is high. To obtain data to construct isolines 
of evaporative potential by 10% intervals of probability of recurrence 
will require a much more intensive meteorological network than is 
likely in the next few years. Remote sensing information from ERTS 
will, it is hoped, provide much of the information that would be 
otherwise available only through an intensive meteorological network. 

The results of this study will 
prescription for water values. 
the results of the study being 
not be until forest-management 
put into practice. 

be pertinent to any 
The probability is 

put into practice. 
schemes to regulate 

forest-management 
extremely high of 
However, it will 
streamflow are 

A transect will be established from the lower foothills to 8,000-9,000 
feet elevation to measure temperature, relative humidity, and 
evaporation. These data, along with data from existing meteorological 
stations will be used to determine the relation of chinook intensity, 
or evaporative potential, with elevation. 

Remote sensing imagery in three spectral bands, 0.5-0.6 ~ (blue-green), 
0.6-0.7 ~ (red), and 0.8-1.1 ~ (near infrared), will be obtained from 
ERTS for a test area that includes Banff and KFES. This imagery will 
be obtained for the satellite passes during February and March, and 
will be used in conjunction with high-altitude aerial photography and 
ground photography to delineate areas of heavy snowpack ablation 
caused by chinooks. If the test of the satellite imagery proves 
its usefulness, the coverage obtained will be expanded. 

9. Study Objectives: 

1. To determine the amount of snowpack ablation during chinooks at 
selected points along the east slopes of the Alberta Rocky Mountains. 

2. To construct isolines of evaporative potential by intervals of 
probability of recurrence each winter. 

10. Resources: 

a. Starting date: 1969 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 1.1 
d. Essential new major equipment items for 1976-77 with costs: Nil. 



e. 
f. 

Essential new major 
1976-77 man-years 

11. Progress to Date: 

3 

equipment items beyond 1977 with costs: Nil 
Prof. 0.3 (Golding) 
Supp. 0.3 (Lafleur 0.2, Pitt 0.1) 
Casual 
Total 0.6 

Tests were carried out to evaluate the use in this study of the 
Ogopogo evaporimeter and snow lysimeters. The former were of little 
use at sub-zero of but could be used during chinooks to obtain a 
measure of evaporation. The latter could be used under ideal 
conditions to measure evaporation from snowpacks, but are impractical 
during general winter conditions. 

Aerial reconnaissance of the east slopes was carried out to ascertain 
patterns of snow disappearance. Satellite imagery was studied to 
determine if present resolution and quality is sufficient for this 
study. Pre-ERTS imagery was not of high enough quality for the needs 
of the study. However, quality of ERTS imagery is much higher than 
that from previous satellites. 

Compilation was made of location, elevation, and instrumentation of 
meteorological stations in Alberta. So few stations exist above 
4,000 feet elevation that no attempt could be made to delineate areas 
of different evaporative potential at present. 

A proposal was approved by the Remote Sensing Centre, Ottawa, to 
obtain ERTS imagery for an area of 2,000 square miles of the Bow 
River Valley, along with high-altitude aerial photography of the 
same area. Imagery and photography were not obtained in 1972 due 
to postponement of ERTS launching and bad weather during the three 
weeks the aircraft was available. Ground photography was obtained 
before and after chinooks and will serve as control or comparison 
for the imagery and photography. 

ERTS imagery was obtained for the test area along with high altitude 
photography for 1973. Both were interpreted with ground truth as 
basis. ERTS imagery proved of little use in a study of this nature. 
The return period of 18 days by itself severely limited its use in 
studying transient phenomena of short return period. However, the 
infrequent ERTS passes during moderately cloudless periods provided 
the most severe limitation. The resolution of high altitude 
photography was much better than ERTS imagery, but here too the most 
severe limitation was availability of the aircraft and weather 
conditions. On this basis it was concluded that observational 
transects are necessary to supplement available data. Using the 
imagery, locations have been determined for two observational transects 
running from the foothills to 8,000-9,000 feet in elevation and for 
one transect running along the foothills. 



Three observational transects wen' located, in the Bow River Val Ley, 
Red Deer River Valley, and along the Forestry Trunk road, on which 
19 meteorological sites were designated. These were instrumented by 
R&D contract in the fall of 1974 and were serviced under the same 
contract January-March, 1975. 

12. Goals for 1975-76: 

1. Have observational transects serviced under research contract for 
January 1 to tfurch 31, 1976. 

2. Analyse ERTS imagery for the test area for the periods January
March 1974 and 1975. 

3. Abstract data from charts provided by research contract and analyse 
for temperature, humidity, and wind during chinook periods. 

4. Prepare Study Progress Report. 

13. Accomplisrunents in 1975-1976:_ 

1. Observational transects are being serviced January-March 1976 under 
R&D contract. 

2. ERTS imagery was scanned but there was no good quality coverage for 
any chinook period in 1974 or 1975. Unfortunately, ERTS II was 
launched near the end of the period of interest in 1975, and 
ERTS I was running down, having exceeded its expected useful time 
period, thus producing very little usable imagery. 

I) >; .; 
tJ : {.; 

3. Data were abstracted from charts provided by R&D contract and 
transferred to punch cards. Data were analysed and file report prepared 
on the results. 

4. Study Progress Report was not prepared due to lack of time. 

14. Goals for 1976-77: 

1. Abstract data from the 1975-76 charts and transfer to punch cards. 

2. Determine amounts of snowpack evaporation, melt, and condensation 
for each site for each chinook of January-March 1976. 

3. Complete Study Progress Report. 
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15. Publications: 

Up to 1975-76 

Golding, D.L. 1973. Satellites and snow melt. Can. Forest 
Serv., NFRC. Forestry Report 3(3): 10. 

Golding, D.L. 1973. Chinooks may influence forest management. 
Can. Forest Serv., NFRC. Forestry Report 2(3): 3. 

Golding, D.L. 1974. Snow cover and melting snow from ERTS 
imagery. The Canadian Surveyor 28(2): 128-134. 

1975 ... 76: 

Nil 

16. Signatures: 

Program Manager 

Director G. T. Silver 
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NOR-13-083 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 10, 1976 

1. Project: Maintenance and improvement of water yield and quality. 

2. Title: Disposition of water in forest soils. 

3. New: Cont.: X 4. No.: NOR-13-083 

5. Study Leader: G.R. Hillman 

6. Key Words: Unsaturated flow, evapotranspiration, infiltration, 
redistribution, modelling. 

7. Location of Work: Southwestern and west central Alberta. 

8. Problem: 

Nature of study - this study is designed to evaluate saturated 
and/or unsaturated transient flow through nonhomogeneous, 
anisotropic porous media i.e., through typical forest soils, 
in response to the forces of drainage, transpiration and 
evaporation. 

Benefits of the study - the results can be applied in the develop
ment of a watershed model based on physically derived, rather 
than on empirically derived relationships. Such a model can 
theoretically be applied to entire or parts of watersheds both 
before and after treatment. Thus where vegetation is manipulated 
for increasing water yield, the model can contribute significantly 
to determining which type of sites should be logged to obtain the 
best timing of the resulting increase in water yield as streamflow. 

The results can be used in environmental quality studies to 
ascertain the rates at which biocides are transported by water 
through the soil system and into groundwater reservoirs and stream 
channels. 

In forest management, the results will be of benefit in determining 
optimal stand densities when thinning is considered. They may 
also be useful for evaluating the regeneration potential of a 
site, and for consumptive use studies of forest tree species. 

'l " i) -' l' 
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Probability of success - recent literature on the subject of 
saturated and unsaturated flow through porous media indicates 
that a physically-based mathematical model for three-dimensional, 
transient, saturated-unsaturated flow is now available 
(Freeze 1971, 1972). Solutions for the model have been found 
and a computer program for the model is available. Some progress 
has been made to incorporate this model into a physically-based 
synthesis of the hydrologic cycle. 

Certain problems associated with soil freezing and with variability 
in both bedrock and surficial materials remain. However, the 
probability of completing the study successfully is high, 
particularly if the model is applied over small areas. 

Freeze, R. Allan 1971. Three-dimensional, transient, saturated
unsaturated flow in a groundwater basin. Water Resources 
research 7(2): 347-366. 

Freeze, R. Allan 1972. Role of subsurface flow in generating 
surface runoff. 1. Base flow contributions to channel 
flow. Water Resources Research 8(3): 609-623. 

Probability of results being applied - the probability is very 
high that the results will be used in the hydrologic model for 
Marmot Creek basin, and subsequently, for other watersheds as well. 

In order for the results to be useful to forest management agencies 
directly, it would be necessary to carry out further research so 
that subsurface flow (saturated and unsaturated) patterns are 
correlated, for example, with stand vigor and densities, with and 
without thinning, with establishment and survival of regeneration 
and with consumptive use by different tree species. 

Method used - the equation of flow developed for subsurface water 
movement requires measurement of pressure head ($), hydraulic 
conductivity (K), volumetric moisture content (8), and porosity 
(n). These measurements are used to develop basic functional 
model inputs k ($), 8 ($), and n ($), where k is the specific 
permeability derived from hydraulic conductivity (K). 

Although the model accommodates three-dimensional flow, only 
two-dimensional flow will be considered initially. Measurements will 
be made on Cabin Creek basin (sub-basin of Marmot Creek) along 
transects oriented downslope between the watershed divide and the 
stream channel, and also along transects that lie within, outside 
and across boundaries of blocks of timber earmarked for cutting. 

') ~ r 
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Thermocouple psychrometers and tensiometers will be used to measure 
pressure heads less than atmospheric pressure. Pressure heads in 
the saturated zone will be measured with piezometers. Hydraulic 
conductivities and porosities will be determined by standard 
laboratory procedures, but attempts will be made to obtain in situ 
values also. Water table fluctuations will be monitored by means 
of water table observation wells and recorders. 

Output from the model is in the form of the pressure head, total 
head, and moisture content fields at any time step. From the output 
it is possible to develop quantitative hydrographs of surface 
infiltration, groundwater recharge, water table depth and stream base 
flow. These hydrographs will be the main tools used to evaluate the 
effects of logging on infiltration and redistribution of water in the 
saturated-unsaturated flow system. 

9. Stu~ Objectives: 

1. To develop from Darcy's Law and the continuity equation a 
mathematical model of two dimensional transient unsaturated and 
saturated flow through porous media applicable under natural 
cond i tions. 

2. To incorporate the mathematical model as part of a physically-based 
synthesis of the hydrologic cycle. 

10. Resources: 

a. Starting date: 1968 
b. Estimated year of completion: 1972 Revised: 1978 
c. Estimated total Prof. man-years required: 2.7 
d. Essential new major equipment items for 1976-77 with costs: 
e. Essential new major equipment items beyond 1976 with costs: 
f. 1976-77 man-years Prof. 0.8 (Hillman) 

Supp. 0.4 (Cumberland 0.3; Pitt 0.1) 
Casual 
Total 1.2 

11. Progress to date: 

Nil 
Nil 

A literature search revealed that very few watershed models exist which 
could possibly be used to evaluate the effects of logging on quantity 
and timing of streamflow. Freeze has developed a subsurface flow 
model which appears best to simulate real watershed conditions, and 
which incorporates the equations of flow through porous media. 

Further investigation showed that this model is extremely complex, 
and that it would be difficult for anyone other than its designer 
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to obtain satisfactory results from it. However, the concept of 
the model is scientifically sound and will provide the framework 
for developing another similar, but simplified version of the 
original model. 

Preliminary studies to investigate soil water redistribution about 
a single tree and to determine the water-holding capacity and 
other characteristics of the forest floor have been completed. 

Neutron probe access tubes were installed in each soil type, 
along two transects to obtain volumetric soil water content 
profiles on Cabin Creek basin, a sub-basin of Marmot Creek basin. 
The transects extend from the topographic divide to the stream 
channel. Starting in 1973, soil moisture data has been collected 
each year, frequently during the snowmelt period, and less frequently 
in the summer. Gravimetric soil samples were collected to obtain 
calibration of neutron count ratio vs. volumetric soil water content. 

Four cased water table observation wells were installed adjacent 
to the new access road on Cabin Creek basin, November 1972. 
Wells bottomed between 15 and 41 feet and indicated that water 
was present in the wells during periods of low streamflow in 
the fall. One of the wells has since failed to function properly, 
but regular water table observations have been made on the others 
since the time they were installed. 

~ 

In anticipation of the need to expand the network of water table 
observation wells and neutron probe access tubes to less 
accessible parts of Cabin Creek basin, a Mobile Minuteman drill 
was modified and equipped with a rigid platform and anchor chain 
assembly. Tests on Marmot Creek basin showed that this equipment 
could operate satisfactorily on both level ground and on steep 
slopes, drilling holes eight feet deep or more into soil or soft 
shales. It could not penetrate hard sandstone. Drilling was also 
attempted in coarse glacial till, and a depth of 22 feet attained. 
However, when the auger train was withdrawn from the hole the sides 
collapsed, filling the hole. Some means must be found to case 
holes drilled in this type of material. 

A portable refraction seismograph with manually operated hammer 
was made available for this study by the Great Lakes Forest 
Research Centre. This instrument was used in 1973 to obtain depth 
and geological information i.e., profiles, on the soil and shallow 
rock layers of Cabin Creek sub-basin. This information, together 
with the soil moisture and groundwater data, are required as input 
for the subsurface flow model. 

12. Goals for 1975-76: 

1. To progress towards development of a simplif1ed and practical 
version of the Freeze subsurface flow model by: 

... I ,. 

i~:· ' 
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a) preparing a flow chart of the subsurface system and 

b) writing computer programs to model flow through the subsurface 
system. 

2. Obtain input data for the model by monitoring soil moisture 
content and groundwater table levels on Cabin Creek sub-basin. 

3. Prepare Study Progress Report. 

4. Conduct survey of available numerical methods that could be 
used to solve the equations of flow through porous media which 
will form part of the subsurface flow model. 

13. Accomplishments in 1975-76: 

1. No progress was made in preparing the flow chart or in writing 
computer programs for the subsurface flow model, owing to prior 
commitments to study NOR-14-l2l. 

2. Soil moisture was measured during May and June, 1975. Ground
water table levels were measured periodically until the end of 
October, 1975 when the wells were equipped with water level 
recorders. Thereafter continuous records of groundwater table 
levels were obtained. The 1973 soil moisture data has been 
processed and is now being analysed. 

3. Time was not available to prepare the Study Progress Report. 

4. The investigator enrolled in two courses in Numerical Analysis 
given by the Department of Computing Science, University of 
Alberta. The first of these has been successfully completed. 
The second is still in progress and will be completed in 
April, 1976. 

1. To progress towards development of a simplified and practical 
version of the Freeze subsurface flow model by: 

a) preparing a flow chart of the subsurface system, 

b) assessing and selecting appropriate numerical techniques 
for finding approximate solutions to the equations of flow 
through porous media; 

c) using a) and b) to develop computer programs to model 
flow through the subsurface system. 
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2. Ohtain input data for the model by: 

a. monitoring soil moisture content and groundwater table 
levels on Cabin Creek sub-basin. 

b. processing and analysing soil moisture, groundwater, 
and seismic data for the period 1973-75. 

3. Prepare study progress report. 

15. Publications: -------
Up to 1975-76 

Hillman, G.R. 1970. Soil moisture distribution about an isolated 
tree using potential flow theory. Unpublished M.S. thesis. 
Utah State University, Logan, Utah. pp. 105. 

Hillman, G.R. 1972. Forest hydrology research. pp. 5. In: 
Soils Research, Northern Forest Research Centre. Forestry 
Report. Vol. 1, No.6. 

Hillman, G.R. 1972. Using potential flow theory to determine 
soil moisture distribution about an isolated tree. pp. 514-535. 
In: Proc. Second Symp. on Fundamentals of Transport 
Phenomena in Porous Media. University of Guelph, Guelph, 
Ontario. 1972. Vol. 2. 

1975-76 

Nil 

16. Signatures: 

C4QJLR~ 
Investigator ------, Program Manager 

." 
~ 

Director G. T. Silver 

~~I 
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NOR-13-084 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 10, 1976 

1. Project: Maintenance and improvement of water yield and quality. 

2. Title: Measuring transpiration of individual trees in situ. 

3. New: Cont.: X 4. No.: NOR-13-084 

5. Study Leader: R.H. Swanson, R. Rothwell 

6. Key Words: Heat pulse velocity, conducting xylem, sap velocity, 
sap flow, moisture content, lodgepole pine, Radiata 
pine. 

7. Location of Work: Kananaskis Forest Experimental Station; Marmot, 
Streeter, Deer Creek Experimental Basins: 

8. Problem: 

Transpiration is the process whereby water is evaporated from the 
soil via a plant water conducting system. The amount of water 
thus vaporized is a considerable quantity, up to that which falls 
as annual precipitation. From the hydrologist's point of view 
such vaporization represents a loss in the water budget of a land 
area. From a physiologists point of view, transpiration is closely 
related to stomatal opening which in turn controls gaseous 
exchange in photosynthesis and/or respiration. Transpiration 
measurements are therefore indicative of a tree's ability to 
function in its current environment. No practical, reliable field 
method exists for evaluating in situ transpiration. 

It ha$ been suggested that there are differences in transpiration 
volumes between and among species. This has been demonstrated 
by lysimeter and potted seedling experiments. The most notable 
example of a within species difference is New Zealand Forest 
Research Institute's clone 457 which transpires roughly 30 to 50% 
more than "normal" clones of the same species. However, it 
still remains to be proven in field trials of stands that 
differing transpiration can account for~either growth or 
streamflow changes. ~ 

~) J i 
t {" " t , , 



2 

Field trials require in situ transpiration estimates. The technique 
being tested and developed in this study utilizes in stem sensors 
to detect the flow of heat as influenced by upward sap movement. 
This movement, which is analogous to the "V" of the continuity 
equation for fluid flow - Q = AV, when coupled with an estimate of 
the top conducting wood area, directly quantifies transpiration 
rate. Practical instrumentation for detecting sap movement (heat 
pulse velocity) have been developed by the author. 

Area is being estimated from increment borings and non-destructively 
by the gamma attenuation technique. This involves passing a beam of 
monoenergetic gamma radiation of known intensity through a tree 
stem, and recording its attenuating characteristics of wood and 
water and tree thickness at the point of measurement. The assumption 
that all components of the system are constant with the exception of 
water, permits a direct measure of water content, and a calculation 
of its areal extent. 

9. Study Objectives: 

For the commercial tree species of Alberta: 

a. To determine if heat pulse speed is distributed across the sap 
conducting xylem in a regular pattern that can be closely 
approximated by a mathematical function. 

b. To determine if the magnitude of heat pulse velocity measurement 
within a given tree is indicative of the magnitude of the 
transpiration from that tree. 

c. To develop and refine a technique for estimating, with precision, 
the water consumption of individual trees in situ. 

10. Resources: 

a. Starting date: 1969 
b. Estimated year of completion: 1975 Revised: 1977 
c. Estimated total Prof. man-years required: 2.5 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.4 (Swanson 0.2, Rothwell 0.2) 

Supp. 0.8 (Pitt 0.3 Gates 0.5) 
Casual 0.3 

Total 1. 5 

11. Progress to Date: 

Reliable and simple to use field instrumentation has been developed 
for determining heat pulse velocities. Sensing probes consist 
of two readily available thermistors and a hand-constructed nichrome 
wire heater. These sensors can be permanently installed for repeated 
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readings at desired intervals. The sensors cause some damage 
to the tree which in turn creates callus tissue that affects 
the heat pulse velocity readings. Callus appears to be fully 
formed after one growing season. If the callus development is 
small compared to the tree cross section then the installations 
have no discernible effect on tree function. In general trees 
or stems greater than 30 mm diameter can be instrumented without 
harm. 

At the outset of this study, xylem sap flow paths were thought to 
be confined to the current and possibly last 10 years growth 
rings i.e. the outer 10 to 20 mm of sapwood. This was found 
to be false. Sap movement occurs up to 150 mm deep in Pinus 
radiata; 60 to 100 mm deep in Picea spp., Pinus contorta 
and Pseudotsuga menzeisii. Instrumentation at these depths is 
difficult. Therefore we have sought to derive models linking 
velocities in the outer 30 mm (which are reasonably accessible 
to heat pulse sensors) to those at deeper depths--particularly 
the depth where sapwood no longer functions in transporting water. 
Three notable findings have resulted from this research. 
(1) The depth of fastest xylem sap movement is at 5 to 20 mm 
deep from the cambium and appears unrelated to wood age. (2) 
The transition from conducting sapwood to non conducting occurs 
abruptly at about 50% relative permeability--it does not taper 
gradually to zero as one might expect. And (3) only the early 
wood conducts xylem sap--the late wood is as impermeable to 
flow as fully formed heartwood. 

Three models of xylem sap movement distribution have evolved. 
The best is·a radial permeability profile across the xylem • 

• This model, once established for an individual tree can be 
coupled with a heat pulse measurement at any single depth to 
estimate transpiration within an error of less than 5%. However, 
the permeability determination is destructive and must be made 
after the fact. The two other models fit either a straight line 
or a skewed parabola to data from multi-depth heat pulse velocity 
measurements. Either of these can be used to estimate stand or plot 
transpiration within 10% error. Ten or more sets of heat pulse 
sensors must be installed reasonably well distributed over the sap
wood to utilize these latter two models. 

In pinus spp, a sharp break in moisture content indicates the 
sapwood-heartwood interphase. Gamma radiation attenuation has 
been tested as a non destructive technique for determining both 
this interphase depth and the moisture content of the tree. We 
have established that moisture content can be determined from gamma 
attenuation within less than 10% error referenced against own dry 
weight. However, we could not determine interphase position with 
the currently available instrumentation. Further work on this 
technique has been suspended. 
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12. Goals for 1975-76: 

1. Testing and application of study results on transpiration in 
New Zealand to Canadian conditions and species. 

2. To obtain one growing season's transpiration data from Marmot 
basin and to incorporate these data in hydrologic simulation 
model for Twin sub-basin. 

3. Prepare paper on use of gamma radiation attenuation methods 
for in situ sapwood water content measurement for journal 
publications. 

4. Complete data analysis of heat pulse velocity and sapwood 
water content measurements. 

5. To prepare Study Progress Report. 

6. To publish on means of improving evapotranspiration estimates 
from forests. 

7. To prepare an interim report on New Zealand Transpiration 
work progress for Director of Research, New Zealand Ministry 
of Works and Development. 

8. To devise an automated heat pulse velocity recording 
configuration for use in New Zealand Forest Research Institute 
growth chamber. 

9. To ascertain the true velocity distribution of ascending 
xylem sap. 

10. To verify the reliability of transpiration estimates calculated 
from heat pulse velocities by testing against quantitative 
empirical standards. 

11. To assist New Zealand Ministry of Works and Forest Service 
Personnel in catchment and/or physiological application of 
heat pulse-transpiration techniques. 

12. To extend the usefulness of heat pulse techniques to non 
coniferous species by initiating trials on species of interest 
to New Zealand hydrology and forestry personnel. 

13. To provide water use data for trees at KFES sewage disposal 
trial in cooperation with Alberta Department of Environment. 

~ .. 
'~''': ", ~. , •• L' 
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13. ~ccomplis~ents 1975-76: (Swanson unless noted otherwise) 

1. Installed study to ascertain wound reaction with time 
in Pinus species at KFES. First year's results indicate 
that callous tissue development around the heat sensing 
probes reduces the sensitivity of the probes to sap 
movement by 60% over the first two months after installation. 
Thereafter, the sensitivity remains stable for several years. 

Also used model derived in New Zealand from P. contorta 
to design sewage disposal plot water use--See item 12.13. 

2. The instrumentation ordered in January arrived too late 
for 1975 installation. Also Technician H. Gates wasn't 
assigned in time to carry out installation for spring 
transpiration evaluation. 

3. This paper is a chapter in Rothwell's Ph.D. thesis. 
Rothwell still intends to publish it in a journal. 

4. Analysis still pending sufficient time. Rothwell's involvement 
in road bank stabilization trial precluded this work 
(Rothwell) . 

5. Not completed. 

6. a. Prepared and presented paper "Improving evapotranspiration 
estimates from forests" at Canadian Hydrological Symposium. 
August 1975. 

b. Prepared report March 1975. 

c. Prepared specifications for automated recording. Worked 
closely with New Zealand Forest Research Institute 
instrument development personnel in designing-constructing 
digital electronic package. Derived equations and work up 
rules for data. 

d. Initiated wood permeability study with Dr. Rolf Booker at 
FRI, New Zealand. Examined in detail the permeability by 
ring in 5 year old P. radicta, 15, 30, and 60 year old 
P. ccntorta and 15, 60 year old Pseudotsuga menzeisii. 
Still need profiles from 15 and 25 year old P. radiata to 
complete for New Zealand conifers of immediate interest. 
The permeability profiles are the same as sap movement 
profiles across the xylem. 

e. Conducted two field tests to calculate transpiration from 
heat pulse velocity measurements on trees with concurrent 
direct uptake measurements. Calculated transpiration was 
within 2 percent of actual when the,velocity distributions 
(6.d) were used. \ 
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g. 

h. 

6 

A second group of tests in the FRI growth chambers was 
also conducted. The weight data from the growth chambers 
is not yet complete to conduct the comparisons. 

Helped design a study in the lake Taupo basin near Rotorua 
to ascertain transpiration regimes under three P. radiata 
thinning regimes. The results are to be available to both 
forestry and hydrology personnel as they have both 
physiological and hydrological implication. 

Conducted transpiration trials in Mountain Beech 
(Nothofagus so~andri var. cliffortiodes) on the South Island, 
New Zealand. A joint heat pulse--seimens cuvette evaluation 
of transpiration rate shows close correspondence. However, 
I have not received the dry weight of the trees involved yet 
and cannot complete the transpiration calculations from the 
cuvette for comparison against the heat pulse calculations. 

Instrumented twelve trees in the sewage lagoon disposal plot. 
Obtained readings monthly June through September. The 
first year's results indicate that transpiration increased 
from .26 mm/hour in June to .56 mm/hour in September under 
the watering program. The control data predicted a 
decrease during the same period if not irrigated. 

14. Goals for 1976-77: (Swanson unless indicated otherwise) 

1. Publish "How to measure transpiration in P. radiata". New Zealand 
Forest Research Institute Physiology Report. 

2. Publish "Comparative transpiration regimes of P. contorta and 
N. soZandri." Journal article in conjunction with U. Benecke, 
Christchurch, N.Z. 

3. Publish "Wood permeability and sap movement patterns in Douglas fir, 
Monterey Pine, Lodgepole Pine and Mountain Beech". Journal article 
with R. Booker, F.R.I., Rotorua, N.Z. 

4. Complete the evaluation of the wound (callous) reaction of lodgepole 
pine to heat pulse sensors. 

5. Establish transpiration evaluation plots on Marmot Twin and obtain 
one season's data for model input. 

6. Write study progress report. 

7. Continue evaluation of sewage disposal on transpiration. 

8. Prepare paper on use of gamma attenuation for sapwood moisture 
content. Journal. (Rothwell). 

~ .. 
. ~ I.,! '. 
t.. :" (.., 

9. Complete analysis of heat pulse velocity and sapwood water. (Rothwell). 
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15. Publications: 

Up to 1975-76 

Swanson, R.H. 1970. The tree as a dynamic system in forest-water 
resource research. In: Powell and Nolasco, editors, 
Proceeding, Third Forest Microclimate Symposium. Canadian 
Forestry Service. Prairies Regional Laboratory, Edmonton. 
pp. 34-39. 

Swanson, R.H. 1970. Heat pulse velocity as an indicator of 
transpiration. In: Powell and Nolasco, editors, Proceeding, 
Third Forest Microclimate Symposium, Canadian Forestry 
Service, Prairies Regional Laboratory, Edmonton. pp. 85-86. 

Swanson, R.H. 1970. Sampling for direct transpiration estimates. 
New Zealand Jour. of Hydrology. 9(2): 72-77. 

Swanson, R.H. 1974. A thermal flow meter for estimating the role 
of xylem sap ascent in trees. In: Flow--Its Measurement and 
Control in Science and Industry, Vol. 1: R.B. Dowdell, editor. 
pp. 647-652. 

Swanson, R.H. 1974. Velocity distribution patterns in ascending 
xylem sap during transpiration. In: Flow--Its Measurement and 
Control in Science and Industry, Vol. 1: R.B. Dowdell, editor. 
pp. 1425-1430. 

Swanson, R.H. 1972. Water transpired by trees is indicated by 
heat pulse velocity. Ag. Met. 10: 277-281. 

Swanson, R.H. 1975. Water use by mature lodgepole pine. In: 
Proceedings Management of Lodgepole Pine Ecosystems, Pullman 
Washington. D. Baumgartner, editor. pp. 264-277. 

1975-76 

Swanson, R.H. 
forests. 
Winnipeg. 

1975. Improving evapotranspiration estimates from 
In: Proceedings, Canadian Hydrology Symposium, 
Aug. 11-14, 1975. (In press). 

Rothwell, R.L. 1975. Sapwood water content of lodgepole pine. 
Ph.D. thesis,U.B.C., Vancouver. 

16. Signatures: 
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Program Manager 

-~------Director G. T. Silver 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 10, 1976 

1. Project: Maintenance and improvement of water yield and quality. 

2. Title..!.. Runoff patterns resulting from differential snow accumulation 
and ablation as influenced by mass and energy relationships 
in small forest openings. 

3. New: Cont. : X 4. No. : NOR-13-l03 --_. 
5. Study Leader: D.L. Golding, R. H. Swanson 

6. ~e~ Words: Snow melt, radiation, wind, lodgepole pine, aspen, 
Deer Creek, Marmot, Streeter Basin. 

7. Location of Work: Alberta East Slopes 

8. Problem: 

The hydrologic influence of large, clearcut blocks (10-100 acres), 
particularly with reference to snow accumulation and melt, is fairly 
well known. The leeward edge produces a sharp discontinuity in 
wind streamlines flowing over the forest, causing more snow to be 
deposited in the first 2-SH (tree height) distance within the 
opening, than under the treed edge or further out into the opening. 
Beyond 4-SH from the leeward edge, wind streamlines are again 
fairly uniform, often resulting in less snow than within the adjacent 
stand. 

At the windward edge another discontinuity occurs. Streamlines may 
rise above the canopy or may penetrate l-2H and dissipate their 
energy against the interior canopy. More snow is usually depOSited 
under the canopy on the windward edge than in the open or the forested 
area. The development of the leeward eddy and windward penetration 
of streamlines depends on speed and structure of the wind, horizontal 
and vertical structure of the forest, and opening geometry. 

In general, snow melts faster in large openings than under the canopy, 
resulting in greater streamflow occurring earlier than from areas of 
continuous forest. The volume of water in 'the rising limb of the snow 
melt hydrograph is always greater from areas harvested in large 
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clear-cut blocks than from uncut areas. This may create problems 
in Alberta where rivers flow east or north, because of ice breakup 
and snow melt occurring simultaneously. 

No watershed studies have been conducted using small forest openings. 
Relevant runoff data is not available for snow accumulation and melt 
relationships in small openings. Very little real data exists on 
snow accumulation, melt, or wind-radiation patterns in small openings. 
What there is, is mainly observational and qualitative. However, 
observations do indicate that small openings contain more snow than 
surrounding forest, and melt rates are not dissimilar. These 
observations need quantitative statistical support to provide the 
basis for influencing snow accumulation, melt and associated runoff 
patterns. 

The solution to this problem will permit forest logging patterns to 
be designed to regulate streamflow regime to influence such parameters 
as snow melt floods and low flows. 

The probability of success in determining empirically the effect of 
forest opening size on snow accumulation and melt rates is very high. 
The probability of success is somewhat lower for objectives 2 and 3 
(i.e., the theoretical process description of snow accumulation 
and ablation in forest openings). The first objective (i.e., 
development of a physically based conceptual model of the system) is 
even less likely of success, because it incorporates the difficulties 
of all other objectives. However, even here the probability must be 
considered as moderately high of developing the desired model within 
acceptable limits of precision. 

The results of this study will provide the foundation on which any 
forest cover manipulation for water values will be based. The 
application of these results depends, as do many land use applications, 
on when the pressures for improving land use and environment become 
great enough. 

The method to be used is as follows: A homogeneous stand of lodgepole 
pine has been chosen near Sundre, Alberta, where topography is 
extremely flat and there is reasonably uniform fetch for 4-6 miles 
in all directions. Ten replicates of 9 opening sizes, 1/4, 1/2, 3/4, 
1, 2, 3, 4, 5, 6 tree heights in diameter, plus control will be randomly 
located 10 chains apart along 10 lines also 10 chains apart. 

Snow accumulation and melt will be measured throughout winter and 
spring. This will provide, empirically, cutting guidelines for snow 
management and input to the next step in the study. Instrumentation 
will be installed to measure the radiation regime, wind structure, 
temperature and humidity in the openings. From this will be derived 
the theoretical process description of snow accumulation and ablation. 

A physically-based hydrologic model will be constructed to predict the 
effect of timber harvesting of the experimental watersheds on snowpack 
and the resultant outflow hydrographs. 
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9. _~t~dy Objectives: 

To determine the influence of small forest openings on snow 
accumulation amounts, melt rates and snow melt runoff patterns 
through: 

1. Development of a physically based conceptual hydrologic model 
incorporating differential areal precipitation input to predict 
the snow manipulative aspects of timber harvest schemes 
applied to experimental watersheds, on the resultant outflow 
hydrographs, and to test these models on experimental watersheds. 

2. Quantitative determination and theoretical process description 
of differential snow accumulation amounts in a 10 treatment 
block of circular openings from 1/4 to 6 tree heights in 
diameter. 

3. Quantitative determination and theoretical process description 
of differential snow ablation rates within the above 10 
treatment blocks. 

4. Small scale pilot testing of proposed harvesting patterns to 
ascertain their general effect on snow melt runoff. 

a. Starting date: '1970 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 4.0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.7 (Golding-O.S, Swanson-O.2) 

Supp. 1.2 (Lafleur-0.7, Pitt-0.3, Gates-0.2) 
Casual 0.3 
Total "2"":2" 

Ten replications of 10 opening sizes have been established. Snow 
surveys have been carried out on three uncut areas within the study 
area and it has been determined that the snowpack is homogeneous 
across the study area. Snow surveys have been carried out in the 
openings during early spring since 1973. Five snow pillows were 
installed on Marmot basin to record snow accumulation and ablation 
throughout the snow season and data are available since November 1972. 

Four lOO-ft towers have been erected and directional .. anemometers 
installed at the top. Stations have been established at each of 
the tower sites, instrumented for temperature, humidity, and 
precipitation. Data has been obtained since December 1971. 
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Two 100-ft towers were erected in the uncut forest and instrumented 
at three levels. Short-term energy balances were conducted using 
the data-acquisition and analysis system. 

Baseline data from meteorological stations have been transferred to 
punch-cards. 

Data have been analysed showing the variation in snow-accumulation 
and melt in various-size openings. 

1. Install one 100-foot tower and three 30-foot towers in one 6H 
opening and instrument with wind direction and intensity sensors. 

, c: { 
t. • .J t 

2. Obtain data for the summer months from the towers noted in 1 and 
continue gathering of baseline meteorological and snow accumulation 
data. 

3. Prepare paper for either Can. J. Forest Res. or Forest. Chron. 
entitled "Snow accumulation and melt in small forest openings". 

4. Prepare Study Progress Report for NOR 103. 

5. Prepare paper on effect of Cabin Creek harvest on snow accumulation 
for inclusion in information report on first year's results of 
the harvest. 

6. Prepare paper with D. Storr, for submission to Western Snow 
Conference on analysis of severe April, 1974, snowstorm on 
Marmot Creek basin using snow-pillow and recording precipitation 
gauge data. 

1. One 100-foot and three 3O-foot towers were installed in a 3H 
opening and instrumented with direction and intensity sensors. 
The change from 6H (as listed in goals) to 3H opening was made 
so that a more intensive sample could be taken of wind speed 
and direction within the opening. 

2. Data were obtained for the sununer months from the towers noted 
in 1 and meteorological and snow accumulation data were obtained 
for the year. 

3. Paper entitled "Snow accumulation and melt in small forest 
openings" was not prepared due to time limitation. 

4. Study progress report was not prepared due to lack of time. 
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5. Paper was prepared on effect of Cabin Creek harvest on snow 
accumulation. 

6. Paper by D. Storr and D. L. Golding, Analysis of a severe April 
snowstorm in a mountainous watershed using snowpi11ow and 
precipitation gauge data, was submitted to Western Snow 
Conf~rence (April, 1976, Calgary). 

14. Goals for 1976-77: -- -
1. Continue collection of baseline data for meteorological 

variables and snow accumulation at the James River study area. 
This will be final year for the snow survey. (Golding) 

2. Obtain wind data during snowstorms from the 100-foot and 30-foot 
towers at James R. study area. (Golding) 

3. Carry out a preliminary evaluation of the thermal regime during 
snowmelt in the forest openings at the James R. Study Area. 
(Swanson) 

4. Carry out an energy-budget determination for short-term periods 
during each summer month. (Swanson and Golding) 

5. Publish paper in either Can. J. Forest Research or Forestry 
Chronicle entitled "Snow accumulation and melt in small forest 
openings". Include in this paper results of water-flume studies 
simulating snow accumulation in the openings. (Golding). 

6. Prepare Progress Study Report for NOR-103. (Golding) 

7. Present paper, Analysis of a severe April snowstorm in a 
mountainous watershed using snowpi11ow and recording-precipitation 
gauge data, at Western Snow Conference, Calgary, April, 1976. 
(Golding) 

8. Present seminar to Forest Hydrology Class, U. of A. in February, 
1976, and other seminars as required. (Golding) 

9. Continue snow measurement in the cut blocks and the uncut forest 
on Marmot Creek.(Go1ding) 

15. Publications: 

Up to 1975-76 

Golding, D.L. 1968. Snow Measurement on Marmot Creek Experimental 
Watershed, Canada Department of Forestry and Rural Development, 
Forest Research Laboratory, Calgary. Information Report A-X-18. 
pp. 16. 
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Golding, D.L. 1969. Snow Relationships on Marmot Creek 
Experimental Watershed. Canada Department of Fisheries and 
Forestry, Forestry Branch, Bi-month1y Research Notes, 25(2): 
12-13. 

Golding, D.L. 1970. Computer mapping of the Marmot Creek snowpack 
and the influence of topographic and stand variables on the 
pack. Proc. 3rd Forest Microclimate Symp. Can. Forestry 
Serv., Calgary. pp. 76-83. 

Golding, D.L. 1970. Research results from Marmot Creek Experimental 
Watershed, Alberta, Canada. In: Proceedings, Symposium on 
the results of research on representative and experimental 
basins. lASH pqb1. No. 96. Wellington, New Zealand. pp. 397-404. 

Golding, D.L. 1972. Snowpack calibration on Marmot Creek to detect 
changes in accumulation pattern after forest-cover manipulation. 
Proc. UNESCO-WHO-IHD Internat. Symp. on the Role of Snow and 
Ice in Hydrology. Sept. 5-14, 1972, Banff, Canada. 

Golding, D.L. 1972. Snow accumulation as influenced by topography 
and its correlation with annual and seasonal streamflow on 
Marmot basin, Alberta. NOR-Y-29. pp. 18. 

Golding, D.L. and Harlan, R.L. 1972. Estimating snow-water 
equivalent from point-density measurements of forest stands. 
Ecology 53(4): 724-725. 

Golding, D.L. 1973. Harvesting effects on snow pack detectable on 
Marmot experimental watershed. Can. Forest'. Serv., Northern 
Forest Research Centre, Forestry Report 2(3): 7. 

Golding, D.L. 1973. May-June streamflow can be reliably predicted 
from snow-course data. Can. Forest. Serv., Northern Forest 
Research Centre, Forestry Report 2(3): 4. 

Storr, D. and Golding, D.L. 1973. A preliminary water balance 
evaluation of an intensive snow survey in a mountainous watershed. 
Proc. Inter-disciplinary Symp. on Advanced Concepts and 
Techniques in the Study of Snow and Ice Resources, IHD, 
MOnterey, California. Dec. 2-6, 1973. 

Golding, D.L. 1974. The correlation of snowpack with topography 
and snowmelt runoff on Marmot Creek Basin, Alberta. Atmosphere 
12(10): 31-38. 

Golding, D.L. 1974. Land-management practices that affect water 
yield. In: Golding, D.L. (editor) Managing forest lands for water. 
NFRC Information Report NOR-X-13. p. 13-32. 
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1975-76: 

Nil 

Program Manager 

Director 



CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

NOR-13-l4l 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 10, 1976 

1. Project: Maintenance and improvement of water yield and quality. 

2. Title: Infiltration and erosion as influenced by land use. 

3. New: Cont.: X 4. No.: NOR-13-l4l 

5. Study Leader: T. Singh 

6. Key Words: Pulpwood harvesting operations, oil and gas exploration, 
logging, improved management guidelines, watershed 
management. 

7. Location of Work: Western Alberta 

8. Problem: 

1. Project proposed by: Canadian Forestry Service and the Research 
Coordinating Committee, Alberta Watershed Research Program. 

The hydrologic effects of large-scale clearcuts on infiltration 
and erosion remain relatively undetermined on most Alberta 
forest lands. To provide improved management guidelines it 
is imperative that the inherent vulnerability of forest areas 
be assessed properly for overland flow and consequent erosion. 

Infiltration, as an important integrator of many soil 
properties, can be measured directly and objectively. If other 
site influences could be superimposed on infiltration 
characteristics, a methodology could be developed for assessing 
the potential erosion hazards of different forest lands for 
pre-planning purposes. 

2. Nature of the study: The proposed methodology will provide an 
onsite evaluation of the infiltration and erosion potentials 
of forest areas in their natural condition and assist in 
predicting the hazards involved when such areas are to be 
subjected to various land use disturbances. 
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3. Benefits from the solution: The assessment of the work 
area in terms of its inherent vulnerability to surface 
runoff and erosion will make the manager aware of the 
critical sites that should receive his special attention. 
By providing necessary information as to how some areas are 
rated more hazardous than others, the manager can be assisted 
in looking for similar causes elsewhere and take appropriate 
precautions accordingly. 

4. Probability of success: The chances of successful development 
of the methodology are good. Consequently, it would be 
possible to identify areas which are inherently more vulnerable 
to overland flow and erosion than others. 

5. Method to be used: The method to be used is based on a con
sideration of the essential processes involved in erosion on 
forest lands. Of these, infiltration is the key hydrologic 
process--it determines the disposition of water at the land 
surface. Soil porosity and depth to the least permeable 
horizon determine primarily the soil storage space available 
for the infiltrating water. When this storage is exhausted 
and the water is received at a rate greater than that at which 
the soil is being drained from the least permeable horizon, 
the excess water becomes available for overland flow. This 
overland flow, combined with the concentrated subsurface flow 
in places, determines primarily the rate at which erosion 
could occur on the sloping watersheds. The steepness of 
slope, and distance to a buffer strip where the water may 
infiltrate at a greater rate, are the other important con
siderations influencing erosion hazards. 

The methodology is thus based on the use of the infiltration 
rated areas as indicators of potential overland flow. If the 
measured infiltration capacities show considerable excess over 
the amount of water likely to be received in long-duration 
rainstorms, there is no possibility of the overland flow 
occurring in such areas. An indication of high infiltration 
potential is therefore indicative of the sites that are likely 
to be the least erosive and vice versa. A ranking is thus 
possible for the different areas to be rated for their 
vulnerability to erosion on the basis of their infiltration 
potentials. 

Previous work done in Streeter Basin has shown that it is 
easier to measure infiltration capacities directly than to 
estimate these from the many vegetative and edaphic factors 
influencing them. This work also suggested that for vegetation 
stratifications can provide a convenient basis for indicating 
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the inherent infiltration potentials of forest lands. Stratifica
tions basedon vegetation classification would therefore be 
used to provide general estimates of the infiltration capacities 
of the area to be subjected to a particular land use. However, 
as the forest lands are not uniformly vegetated there would be 
local areas with different run-off potentials as compared to 
the conditions represented by the overall vegetation. Vegetation 
stratifications therefore need to be supplemented with other 
site considerations in which slope characteristics would be 
particularly influential. Stratifications based on surficial 
materials would be used within an overall vegetation cover type 
in addition to topographic Considerations. In view of the 
management oriented nature of the study these stratifications 
would be kept as simple as possible. 

Experimental areas selected in each stratification would be used 
to determine the steady infiltration rates by double-ring 
infiltrometers. The inf.ormation thus collected would provide a 
logical basis for ranking the stratifications for their vulner
ability to overland flow and erosion according to the infiltra
tion potentials. This would be supplemented with all other 
related information available in soil maps, topographic (contour) 
maps, bed-rock and surficial geology maps, and rainfall charac
teristics maps. All pertinent information would be put in an 
information report to explain the importance and relevance of 
each factor to the inherent erosion potential of the study area. 
The field observations, and the collected information mentioned 
above, would be used for providing management guidelines for 
safeguarding against the erosion hazards inherent in a given land 
use. The data will also find use in evaluating the constants 
on infiltration models (Philip, Singh, Holtan). 

Although the above-mentioned approach would fulfill the objectives 
of the study on undisturbed forest lands, a different approach 
needs to be undertaken on the already cut areas. This phase of 
the study would require the use of a rainfall simulator to 
obtain actual measurements of overland flow and erosion in disturbed 
sites. The Rocky Mountain infiltrometer would be used for this 
purpose and would provide a comparative test on the severity of 
impact attributable to each land use practice at a given site. 
The compaction or exposure of the soil surface consequent to land 
use can thus be assessed directly in terms of the overland flow 
and sediment produced on such sites. The rainfall simulator 
will also serve as a test of the methodology developed from the 
double-ring infiltrometer approach. 

9. Study Objectives: 

1. To develop and test methodology for on-site evaluation and 
assessment of infiltration and overland flow potentials of 
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forest lands and to relate these assessments to soil erosion 
hazards inherent in pulpwood harvesting operations, oil and 
gas exploration, and related land use disturbances. 

2. To provide management guidelines based on such assessments 
for pre-planning purposes. 

10. Resources: 

a. Starting date: summer 1973 
b. Estimated year of completion: 1977 Revised: 
c. Estimated total Prof. man-years required: 2.1 
d. Essential new major equipment items for 1976-77 with costs: 

Infiltrometers, metallic rings, pressure head regulators = Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. .7 

Supp. .3 (Gates) 
Casual .3 
Total 1.3 

11. Progress to Date: 

Stratifications based on forest cover and surficial materials were 
used for determining infiltration potentials of lodgepole pine 
forests. A total of 12 surficial material types were identified 
for this vegetation and 6 infiltration runs were made on each. 
Infiltration comparisons among these stratifications showed that 
majority of the surficial materials were different in the soil 
properties governing infiltration. Five main groups were 
recognized for the lodgepole pine forest and given lowest, low, 
medium, high and highest infiltration potential ratings. 

12. Goals for 1975-76: 

1. To determine infiltration potential of stratifications within 
spruce forests of the lease area. 

2. Select infiltration sites in aspen forest cover type. 

3. Preliminary work on the erosion potentials of spruce forests 
and ranking of various stratifications as to their vulnerability 
for erosion. 

4. Prepare an Information Report on the infiltration and erosion 
potential of lodgepole pine forests in the Hinton lease area. 

5. Prepare Study Progress Report. 
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6. Present paper: 

Singh, T. 1975. Infiltration and erosion potential of 
spruce-fir forests in a pulp-lease area, Alberta, 
Canada. 

Fall Annual Meeting of American Geophysical Union, Dec. 8-12, 
San Francisco, California. 

13. Accomplishments in 1975-76 

1. The infiltration potentials of 14 spruce-fir stratifications 
were determined by running 6 runs in each. Spruce-fir 
sites were generally of very low infiltration capacities 
compared to the lodgepole pine forests studied previously. 

2. The aspen sites stratified according to surficial materials 
were selected and located in the field for next year's 
infiltration runs. 

3. Preliminary work on the erosion potential of spruce-fir forests 
was undertaken. The erosion susceptibility of these forests 
is considerably higher than that of the lodgepole pine forests. 

4. A preliminary draft of an Information Report entitled, 
"Infiltration and erosion potential of lodgepole pine forests 
in a pulp-lease area, Alberta, Canada" has been completed. 

5. Study Progress Report not yet prepared. 

6. The paper was prepared. This helped to provide a preliminary 
assessment of the field data collected during 1975. 

14. Goals for 1976-77: 

1. Determine in field the infiltration potential of stratifications 
based on surficial materials within aspen vegetation and 
analyze data. 

2. Publish information report entitled: Infiltration potential as 
an indicator of erosion hazards in the lodgepole pine forests 
of the Hinton pulp lease area. 

3. Initiate the preparation of an information report for spruce-fir 
and aspen forests. 

4. Prepare Study Progress Report. 
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15. Publications: 

Up to 1975-76 

Singh, T. 1973. Simple empirical equations to predict infiltration 
on a range watershed. Paper presented at the 26th Annual 
l1eeting, Society for Range Management, Boise, Idaho, 
February 4-9, 1973. 

Singh, T. 1973. Simple empirical equations to predict 
infiltration on a range watershed. Environ. Can., Northern 
Forest Research Centre, Edmonton, File Report NOR-Y-7l. 

Singh, T. 1974. Infiltration and erosion potential of lodgepole 
pine forests in a pulp lease area, Alberta, Canada. Paper 
No. H4l presented at the Fall Annual Meeting of the American 
Geophysical Union, San Francisco, California, December 12-17, 
1974. 

1975-76 

Singh, T. 1975. Infiltration and erosion potential of spruce-fir 
forests in a pulp-lease area, Alberta, Canada. Paper No. H58 
presented at the Fall Annual Meeting of the American 
Geophysical Union, San Francisco, California, December 8-12, 
1975. 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

197h - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 10, 1976 

1. Pro,ject: Maintenance and improvement of water yield and quality 

2. Title: Water quality and road-side soil erosion and sedimentation 
at logging road-stream intersections. 

Jtt 

3. New: Cont.: X 4. No.: NOR-13-l6l Formerly NOR-13-987) 

5. Study Leader: R.L. Rothwell 

6. Key Words: Logging roads, stream crossing, erosion, sedimentation, 
fish, aquatic invertebrates 

7. Location of Work: Hinton-Edson area, Alberta. 

8. Problem: 

Nature of study - this study is designed to compare and demonstrate the 
effects of erosion sedimentation controls at logging - road stream 
intersections. The study originated from a request for assistance 
in study design by the Environmental Research Secretariat, Alberta 
Department of Environment, Edmonton and North Western Pulp and 
Power Ltd., Hinton, Alberta. 

The need for this study is supported by recent investigations 
(NOR 121; Schultz lq73) which identify forest roads as major sources 
of erosion, especially at road-stream intersections where ditch 
runoff empties directly into streams causing unnecessary stream 
degradation. Erosion from roads and subsequent sedimentation can 
cause water quality deterioration and destruction of aquatic habitats 
and resident fish populations. Most serious erosion and sedimentation 
occur on road cuts, fills, ditches and at road-stream intersections. 

The Alberta Forest Service requires revegetation where soil is 
exposed and subject to erosion. This requirement is relatively new, 
and has not been strongly enforced. Because of this, erosion control 
methods among forest industries are still in developmental stages. 
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Furthermore, erosion control is hindered by a government imposed 
road construction standard which requires the ground surface, 
"be cleared to mineral soil, 25 feet on each side of the running 
surface, measured from the outside edge of the shoulder. (The) 
balance of the right-of-way (is) to be cleared of all woody debris, 
except stumps left in the ground." Confusion in the application 
of this standard has resulted in poor revegetation of roadsides 
and unnecessary erosion. 

The benefits from this study could be an improvement in erosion 
control and reduction in soil erosion and its attendant effects on 
water quality, aquatic habitats and fish populations. Furthermore, 
road construction cost could be reduced. The methods proposed for 
study could be easily incorporated into existing road construction 
practices. The probability of results from this study being applied 

I) ~ . 
tJ l; _0_ 

are good, because forest industry and provincial agencies are interested 
and active cooperators in the study. 

Cooperating agencies in the study are: Environmental Research 
Secretariat, Alberta Department of Environment; Alberta Forest Service, 
and Alberta Fish and Wildlife Division, Department of Lands and 
Forests; North Western Pulp and Power Ltd.; Water Management Services 
and Canadian Forestry Service, Environment Canada. 

The erosion control methods selected for testing are: 
no. 1 - hydroseeding a grass-seed-fertilizer mixture on backslopes, 
ditches shoulder and fills at road-stream intersections; and no. 2 -
the application of a "brush mulch" to backslopes, ditches, shoulders 
and fills at road-stream intersections, followed by hydroseeding as in 
Method no. 1. 

Method no. 1 is representative of current erosion control practices 
used in the area. Because of this, it was selected for testing and 
comparison to a new method. The hydroseeding of grass seed and 
fertilizer has not been effective in preventing erosion on steep 
slopes such as backslopes, fill sections and at road-stream inter
sections. At such locations rill erosion followed by gully development 
and subsequent sediment discharge into stream occurs, because grass 
seed is washed away before it can establish. 

Method no. 2. was selected because it has been successfully used in 
the Swan Hills' oil fields to control erosion on drilling sites 
and roadways. It has also been recommended by others as a practical 
and efficient erosion control method. The "brush mulch" consists 
of placing logging debris, (logs, tree tops, branches) on road 
shoulders, fills, backslopes and ditches to slow the velocity of surface 
runoff and to trap sediment. The logging debris is anchored in 
place by driving tracked or wheeled vehicles over it; after which 
a grass seed-fertilizer mixture is hydroseeded over the area. 
Besides reducing erosive forces the "mulCh" also favors revegetation 
by preventing seed from being washed away and by providing favorable 
seedbed conditions (shade and moisture). 
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The two methods are to be tested at stream crossings on newly 
constructed roads. The treated areas will extend from the running 
surface of roads to the outer edges of right-of-way clearings; and 
from streambanks upslope to either topographic divides or the first 
major change in slope steepness. Manpower, equipment and materials 
required for testing the methods are responsibilities of North Western 
Pulp and Power Ltd. Supervision and implementation of methods is 
a shared responsibility between C.F.S. and North Western Pulp and 
Power Ltd. 

Study sites are to be selected and treated in April-Mayas soon as 
ground conditions are favorahle. Criteria for selection are: 
newly constructed road crossings; intersecting stream perennial in 
flow and of sufficient size and character to support invertebrate 
and fish populations; slope approaches and treatment areas of each 
crossing to be approximately equal. A range of different soil erodi-· 
bilities is desirable, but may not be possible as location of sites 
are controlled by occurrence of new road construction. The study 
design calls for each method to be replicated 6 times or a total of 
12 road-stream intersections. Responsibility for site selection 
shared by C.F.S. and Fish and Wildlife Division in consultation with 
North Western Pulp and Power Ltd. 

The methods of evaluation consist of - measurement of erosion-sedimenta
tion and water quality in terms of suspended sediment production; 
sampling of aquatic habitats and fish populations; evaluation of 
revegetation and aesthetics by photographic records; and evaluation 
of the fire hazards of erosion control methods. 

Suspended sediment production is determined by taking the difference 
in sediment concentrations between samples taken upstream and 
downstream from road-stream crossings. The basic assumption of 
the method is that downstream concentrations exceed upstream values 
because of sediment discharge from an intervening road. Sediment 
samples are taken daily through the work week. During storm periods 
sampling frequency is intensified to one sample per four hours until 
recession flows are apparent. Samples are collected in one pint 
glass bottles using a U.S.G.S. DH48A hand sediment sampler. Samples 
are transported weekly to Edmonton and suspended sediment concentra
tions in mg/liter determined by filtration. Manpower to collect 
field data and to perform laboratory analysis is an Environmental 
Research Secretariat responsibility. Field work supervision is 
a joint AFS - CFS responsibility. Supervision of laboratory 
analysis and data analysis are C.F.S. responsibilities. 

Aquatic invertebrates are to be studied by Suber samples obtained 
upstream and downstream from road-stream crossings. Specimens 
collected will be identified to genus and their numbers and volumes 
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determined. It is hypothesized that differences in the number and/or 
composition of invertebrates exist between upstream and downstream 
samples, because of sediment deposition resulting from intervening 
roads. The quality and composition of fish populations are to be 
determined by electro-fishing techniques. Field work and supervision, 
data tabulation and analysis are Alberta Forest Service and Alberta 
Fish and Wildlife responsibilities. 

Photographic record of each site to be maintained by C.F.S. for 
evaluation is a shared responsibility between CFS and Northwestern 
Pulp and Power Ltd. Evaluation of methods for fire hazard is an 
Alberta Forest Service responsibility. 

9. Study Objectives: 

To determine and demonstrate the effects of erosion-sedimentation 
controls at logging road-stream intersections in terms of: 

1. Suspended sediment concentrations and discharge determined 
upstream and downstream from road-stream crossings; 

2. the numbers, volumes and composition of aquatic invertebrates 
and fish upstream and downstream from roadstream crossings; 

3. roadside aesthetics and; 

4. fire hazards. 

10. Resources: 

a. Starting date: 1974 
b. Estimated year completion: 1978 
c. Estimated total Prof. man-years required: 1.0 
d. Essential new major equipment items for 1976-77: Nil 
e. Essential new major equipment items beyond 1977: Nil 
f. 1976-77 Man-years Prof. 0.2 (Rothwell) 

Supp. 
Casual 
Total 0.2 

11. Progress to date: 

Request for study design assistance received from Environment 
Research Secretariat and North Western Pulp and Power Ltd. in fall 
of 1973. Initial study plan formulated by C.F.S. and circulated 
to other participants in study for comments and evaluation. 
Spring of 1974 final draft of study plan approved by other study 
participants. 
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In 1974, 5 sites were selected and treated (No. 1 on 2 sites; 
No.2 on 3 sites). At each site daily suspended sediment samples, 
streamflow and precipitation measurements were obtained through 
the summer. Suspended sediment samples were obtained with DH48A 
sediment samples. Streamflow was measured with Price current 
meters and precipitation measured in M.S.C. raingauges. In the 
Robb area, rainfall intensity data was obtained by installation 
of two Belfort recording precipitation gauges. Three storms 
were measured during the summer, with suspended sediment and 
streamflow measured every four hours. Aquatic invertebrates 
and fish populations were studied by Surber samples and 
electroshocking techniques through the summer. 

The data collected has been tabulated and analyzed. Results 
indicate that treatment No. 2 (grass + debris) is more effective 
than treatment No.1 in controlling erosion and sedimentation. 
Sediment data for three storms shows mean sediment discharges for 
treatment No. 2 to be 338-742 lbs/day/acre compared to 929 lbs/day/acre 
for treatment No.1. A statistical test of these differences was 
not possible however, because of inequal replication of treatments 
and small sample sizes. 

Evaluation of fish populations and aquatic invertebrates was done 
by electroshocking techniques and Surber samples. Electroshocking 
showed the following fish species to be present: Rainbow and 
Dolly Varden trout, and Rocky Mountain Whitefish. The numbers and 
volumes of aquatic invertebrates sampled were low, because of 
poor habitat and stream channel conditions. However, analysis of 
the data obtained showed that for most cases upstream values 
exceeded downstream values. The differences were shown to be 
significant at the 90-95% probabilities by Student's t-test 
(a 1 tailed test applied). These differences were most noticeable 
in the orders of Ephemeroptera and Tricoptera. A further breakdown 
by genus and explanation of the differences was not possible 
because the samples were only identified to order. 

A progress report of the 1974-75 results was prepared and dis
tributed to cooperators. Based on the results of the report it 
was decided to change the criteria for the selection of new sites 
in 1975-76. Instead of relying on new road construction; existing 
stabilized road-stream intersections will be located and scarified 
to represent new road construction. 

12. Goals 1975-76: 

1. To select 6-8 more sites for completion of study design. Criteria 
for selection of sites has been modified. Instead of relying 
on new road construction; existing, stabilized road-stream 
intersections will be located and scarified to represent new 
road construction. This approach will make selection of sites 
easier and more efficient. 
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2. To apply treatments to new sites, and to continue sediment 
sampling and invertebrate and fish population studies as in 
1974-75. 

3. Prepare progress report of 1975 field season data. 

13. Accomplishments 1975-76: 

1. Six new sites were selected in May of 1975. The sites are 
located south of Hinton and Robb, and were at existing road
stream intersections. 

2. Erosion-sediment control treatments were applied to the new 
sites. Treatment application required two weeks, from 
June 7-21, 1975. Materials, manpower and equipment for 
treatment were provided by North Western Pulp and Power Ltd. 
and the Environmental Research Secretariate, Alberta Environment. 

Sediment sampling preceded and followed treatment application 
to the sites. Sampling was also resumed on the sites 
established in 1974-75. Detailed level surveys and permanent 
photo-plots were established at each site to monitor erosion 
and rate of revegetation. 

Sampling and study of aquatic invertebrates and fish popula
tions were done by personnel from the Alberta Forest Service 
and manpower funded through the Environmental Research 
Secretariate. Invertebrates samples were collected every 
2-3 weeks through the summer and fall at each site. Specimens 
collected were identified to genus. 

3. Preparation of a report of accomplishments in 1975-76 is 
currently in progress. All data collected have been tabulated 
and checked. Detailed maps and surveys of each site are 
still being prepared. 

4. A short progress report of the study was submitted to the 
Steering Committee of the Alberta Watershed Research Program. 
Preliminary analyses of the data from 1974-75 and 1975-76 
indicate that treatment No. 2 (grass + debris) reduces 
erosion and sediment, and hastens revegetation faster than 
treatment No. 1. 

14. Goals 1976-77: 

1. Complete progress report for 1975-76 and distribute it to 
other study participants. 
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2. Complete evaluation of sites treated by monitoring sediment 
during storm periods and evaluating extent of revegetation. 

3. To consult with and to provide technical assistance to 
Alberta Forest Service and private firms in tests or 
demonstrations showing how to use logging debris for erosion
sediment control. 

4. Start a final report of the study and results. 

15. Publications: 

Up to 1975-76 

Rothwell, R.L. 1974. Progress Report: Road-Bank Stabilization 
in Hinton-Edson Area, Alberta. File Report NOR 017. 

1975-76 

Rothwell, R.L. 1976. Progress Report 1975-76. Erosion Sediment 
Control at Road-Stream Crossings in the Hinton-Edson Area, 
Alberta, to the Steering Committee, Alberta Watershed 
Research Program. 3 p. 

16. Signatures: 

Program Manager 

, 

~ 
Director G. T. Silver 
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STUDY STATEMENT 

1976 - 1977 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 11, 1976 

1. Project: Impact of clearcutting on the forest environment. 

2. Title: Changes in chemical and physical water quality following 
forest harvesting and related land disturbances. 

3. New: Cont: X 4. No.: NOR-14-104 

5. Study Leader: T. Singh, R. L. Rothwell 

6. Key Words: Environmental quality, land use, clearcutting, 
nutrients in natural water, erosion. 

7. Location of Work: Rocky Mountain front ranges and foothills, Alberta. 

8. Problem: 

1. Project proposed by: Canadian Forestry Service and the Research 
Coordinating Committee, Alberta Watershed Research Program 

2. Nature of the study: Land surface disturbances from different 
resource uses are on the increase along the eastern slopes of 
the Rocky Mountains and foothills. The detrimental effects 
of such disturbances on the chemical and physical quality of 
water remain largely undetermined in Alberta. 

Large clearcuts result in reduced transpiration and interception 
losses. The consequent increased leaching and high streamflow 
can cause increased export of sediment and nutrients from the 
disturbed sites. The change in concentration of solutes directly 
affects the chemical quality of natural waters and thus influences 
the quality of habitat associated with such waters. Loss of 
nutrients at a rate greater than their replenishment can cause 
deterioration in site quality especially in areas where soil 
mantle is thin. 

The reduction in protective forest cover has resulted in 
increased fluctuations in stream temperatures in many headwater 
streams. Similar changes in physical water quality are the 
other resultants of surface land disturbances of which little 
is presently known in Alberta. As the quality of water is at 
least as important as the quantity of water affected by the 
resource use practices, it is essential that the impact of 
such land disturbances on water quality be assessed quantitatively. 
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3. Benefits from the solution: The quantitative assessment of the 
effects of surface land disturbances on the physical and 
chemical quality of natural waters will provide a rational 
basis for suggesting improvements in the methods adopted by 
the resource users in forest areas. Such improved methods will 
be especially useful when new areas are subjected to the same 
land use disturbances in other parts of Alberta. 

The study would also provide an objective assessment of how the 
large clearcutting harvesting practices affect nutrient export 
and sedimentation as comprared to the properly managed and 
undisturbed forests. 

4. Probabili~.of success: The probability of successful evaluation 
of the current surface land disurbances on the chemical and 
physical water quality of natural waters during the spring snow
melt and low flow periods is very high. The samples collected 
and analyzed for this purpose would also provide accurate 
estimates of sediment and total solute loads of streams on a 
monthly, seasonal and annual basis. The probability of 
successful assessment of nutrient and sediment losses from a 
forest catchment as result of treatment, and the consequent 
enrichment of streams, is high. 

5. Method to be used: Water samples from the streams draining 
undisturbed and disturbed watersheds will be collected for 
analysis. Streamflow at the time of sampling will be determined 
from the stream gauges established at the sampling sites. The 
concentrations of sediment and solutes and the total flow in the 
stream will provide estimates of the sediment and solute loads 
for the high and low flow periods. 

The samples to be collected are from the main streams of 6 to 11 
treated catchments and a similar total of untreated catchments. 
Emphasis will be placed on pairing the untreated and treated 
watersheds wherever possible; group comparisons would be made 
where direct pairs are difficult to obtain. In order to achieve 
comparable results, such groups would be formed on basis of 
geographical similarities, e.g. within the same working circle 
in the Hinton lease area. 

Sampling would be distributed over the high and low flow periods. 
This is essential for providing an assessment of the seasonal 
patterns and dilution effects. The study will be conducted in 
the North Western Pulp and Power lease lands near Hinton. 

9. Study Objectives: 

1. To determine the quantitative changes in chemical and physical 
water quality as a result of forest harvesting and related land 
disturbances. 
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2. To develop statistical models for prediction purposes when 
similar forest areas are disturbed elsewhere in Alberta. 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1977 Revised: 
c. Estimated total man-years required: 0.8 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.7 (Singh 0.3, Rothwell 0.4) 

Supp. 0.4 (Pitt 0.2, Cumberland 0.2) 
Casual 
Total 1.1 

11. Progress to Date: 

1. Samples were collected during May and June 1973 in the Marlboro, 
McLeod and Berland working circles to analyze for the effects 
of the current clearcutting practices on the concentration and 
yield of the main cations (Ca, Mg, Na and K). 

2. The study was extended in 1974 to include N, P04-P, Cl, S04-S 
and HC03. The sampling scheme covered two distinct periods of 
hydrologic significance: the spring snowmelt high flows 
(Stage I) and the low flows typical of the recession period 
(Stage II). 

12. Goals for 1975-76: 

1. Determine the important constituents of natural waters in 8 
logged and unlogged catchments of the McLeod and Berland Working 
Circles. 

2. Sample intensively for main storm events that add unknown amounts 
of particulate matter to the streams and cause export of 
nutrients from catchments. 

3. Prepare a paper entitled, "A least squares method for estimating 
yield of dissolved constituents" for publishi~g in the Journal 
of American Water Works Association. 

4. Prepare and publish a journal paper on the total dissolved 
solids and main constituents present in the stream waters of 
aspen-grassland and spruce-fir vegetation. 

5. Complete Study Progress Report. 

6. Carry out simulation modelling of the chemical constituents 
of the waters of Marmot Creek to obtain the changes in such 
constituents over time and under varying input conditions 
(Singh: transferred from NOR 017, goal no. 7, p. 9). 

') ') ~ . 
~: ~ ~.-r 
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7. Present papers: 

Singh, T. and Y.P. Kalra. Changes in chemical composition 
composition of natural waters resulting from progressive 
clearcutting of forest catchments in west central Alberta, 
Canada. lARS, UNESCO Joint International Symposium on 
the Hydrological Characteristics of River Basins and the 
Effects on these Characteristics of Better Water Management, 
Dec. 1-8, 1975, Tokyo, Japan. 

Singh, T. and Y. P. Kalra. Modelling of geochemical constituents 
in the natural waters of an alpine system in Alberta, 
Canada. IAGC-IARS International Symposium on the Geochemistry 
of Natural Waters, August 18-22, 1975, Burlington, Ontario. 

8. Evaluating the effect of harvesting Marmot on sedimentation 
(Rothwell) and Water Quality (Singh). (Transferred from 
Nor-017 goal no. 1, p. 8). 

13. Accomplishments in 1975-76: 

1. Water quality samples were collected from May 21 to August 7 in 
the 8 logged and unlogged catchments of the McLeod and Berland 
working circles. Laboratory analyses for specific conductance, 
pH, unfiltered solids, calcium, magnesium, sodium, potassium, 
chloride, sulphate, bicarbonate, phosphorus and nitrate-nitrite 
and ammonia forms of nitrogen have been completed. Statistical 
analyses are now in progress. 

2. A total of 108 samples were collecteq from 8 catchments on a 4-hr 
or greater time interval for the only main storm (June 27/28) 
that occurred during the field season. These have been 
analyzed for the above-mentioned water quality characteristics. 

3. A paper entitled, "In situ estimation of the solute yields of 
mountain streams inAlberta" was prepared and has undergone 
preliminary reviews for submission to the Journal. 

4. A paper entitled, "Yields of dissolved solids from aspen-grassland 
and spruce-fir watersheds in southwestern Alberta" was prepared 
and submitted to the Journal of Range Management. 

5. Study Progress Report not prepared. 

6. Simulation modelling was done on a daily basis throughout 1972 
for the main constituents (Ca, Mg, HC03) and other 
constituents (Na, K, S04, Si02 ). 

7. The papers were prepared and blade available to programme 
chairmen. 

.... l • , . , . . . t. 10' •• _ 
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8. First year evaluation of the effects of road construction 
and logging in Cabin sub-basin on sedimentation and water 
quality were completed. The bases for the evaluation 
of the sedimentation effects were: daily sediment 
sampling at basin outlet, and weekly integrated samples 
from a network of 8 automatic samplers; and detailed 
surveys and mapping of the cut blocks and roads for 
evidence of soil disturbance and erosion. Results showed 
no serious erosion or sediment transport from cut blocks 
or roads; and no reduction in physical water quality 
(sedimentation) from increased suspended sediment loads. 
The post-treatment data, however, showed highly significant 
(99% level of confidence) increase in the concentration 
of dissolved solids for the May-October period. Reports 
of these preliminary results have been prepared. 

14. Goals for 1976-1977 

1. Analyze water quality data collected from the Hinton pulp 
lease area and start preparation of an Information Report. 
(Singh) 

2. Continue evaluation of the effect of harvesting Cabin sub
basin in Marmot watershed on chemical water quality and 
stream temperatures (Singh), and suspended sediment and 
soil disturbance-erosion on cut blocks (Rothwell). This 
evaluation to continue for another 1-2 years to assure 
a reasonable sample of hydrologic and climatic variations. 

3. Conduct a reconnaissance of watersheds in the Spray Lakes 
area in 1966-67 for soil disturbance and water quality 
comparisons with those in Cabin sub-basin. (Rothwell, Singh) 

4. Prepare Study Progress Report. (Singh, Rothwell) 

5. Prepare a report entitled "Impact of clear harvest and 
geophysical activity in western Alberta on local hydrology" 
(Journal). Authors: R.H. Swanson, G.R. Hillman, 
R.L. Rothwell, and T. Singh. (Listed as goal 7, NOR-14-l2l). 

15. Publications: 

Up to 1975-76 

Singh, T. and Y.P. Kalra. 1972. Water quality of an experimental 
watershed during the calibration period. Paper presented at 
the Nineteenth Pacific Northwest Regional Meeting of the 
American Geophysical Union, University of British Columbia, 
October 16-17, 1972. (Also Environ. Can., Northern Forest 
Research Centre, Edmonton, File Report NOR-Y-28.) 

~l 'i • 
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Singh, T. 1973. Harvesting effects on strearn temperature 
detectable. Environ. Can., Northern Forest Research 
Centre, Edmonton, Forestry Report Vol. 2:8. 

Singh, T. and Y.P. Kalra. Specific conductance method for 
in situ estimation of total dissolved solids. J. Amer. 
\,Ja ter Horks Assoc., February 1975. 

Singh, T. 1974. A simplified procedure for detecting changes 
of specified magnitude on paired plots and watersheds. 
Environ. Can., Northern Forest Research Centre, Edmonton, 
Information ~eport NOR-X-47. 

Singh, T. 1974. Land Management practices that affect physical 
and chemical water quality. Proc. 1970 Symposium on Managing 
Forest Lands for Water, Environ. Can., Northern Forest 
Research Centre, Edmonton, Information Report NOR-X-13, p. 49-72. 

Singh, T., Y.P. Kalra and G.R. Hillman. 1974. Effects of pulpwood 
harvesting on the quality of stream waters of forest catchments 
representing a large area in western Alberta, Canada. Proc. 
of the Paris Symposium on the Effects of Man on the Interface 
of the Hydrological Cycle with the Physical Environment, 
International Association of Hydrological Sciences Pub. No. 
113, p. 21-27. 

Rothwell, R.L. 1974. Erosion control measures for logging and 
road construction. In: Proc. Practical Forest \.vatershed 
Management Workshop, April 23-24, Cranbrook, B.C. Assoc. 
B.C. Prof. For., Faculty of Forestry and Centre for Cont. 
Education, U. B.C. 

Rothwell, R.L. 1974. Erosion control on forest roads. In: 
Proc. Environmental Considerations of Road Construction: 
A short course of instruction for forest road builders and 
field men, Oct. 8-11, Forest Tech. School, Hinton. 

Singh, T. and Y.P. Kalra. 1974. Estimating yield of dissolved 
constituents in the streams of a mountainous watershed. 
55th Ann. Mtg. A.G.U., April 8-12, Washington, D.C. 

• ,I" 
tl W f' 

Singh, T. 1975. Yield of total dissolved solids from an aspen-grassland 
and a spruce-fir watershed. 28th Ann. Mtg. Soc. Rge. Manage., 
Feb. 10-14, Mexico City, Mexico. 
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1975-76 

Singh, T. and Y.P. Kalra. 1975. Changes in chemical composition 
of natural waters resulting from progressive clearcutting of 
forest catchments in west central Alberta, Canada. lAHS-UNESCO 
International Sympos. on the Hydrological Characteristics of 
River Basins and the Effects on these Characteristics of 
Better Water Management, Dec. 1-8, Tokyo, Japan. 

Singh, T. and Y.P. Kalra. 1975. Modelling of geochemical 
constituents in the natural waters of an alpine system in 
Alberta, Canada. IAGC-IABS International Sympos. on the 
Geochemistry of Natural \Vaters, Aug. 18-22, Burlington, Onto 

16. Signatures: 

, . ( . J 
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Investigator 
/"/ 

\~:{t~{tttJi 
Program Manager 

Director G. T. Silver 
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NOR-14-121 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1975-76 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 11, 1976 

1. Project: Impact of c1earcutting on forest environment. 

2. Title: Quantitative evaluation of the effects of pulpwood 
harvesting in western Alberta on water yield, physical 
water quality and streamflow regime. 

3. New: Cont.: X 4. No.: NOR-l4-l21 

5. Study Leader: G.R. Hillman, R.L. Rothwell 

6. Key Words: Streamflow, sedimentation, logging, watershed management. 

7. Location of Work: Western Alberta 

8. Problem: 

Nature of study - this study is designed to evaluate the magnitude 
of several specified hydrologic variables as influenced by forest 
harvesting and road construction practices, and also to evaluate 
the potential for damage that these variables will have if such 
practices were to continue. The major variables of interest are 
water and sediment yields, and sediment sources. 

Benefits from the solution - the results will give a measure of 
the impact of clearcutting on streamflow, and sediment sources and 
yields on North Western Pulp and Power Co. 's lease area. The 
information will be useful in assessing the effects of sediment from 
roads and seismic lines on aquatic habitats and downstream water 
use. The results will provide a basis for constructing guidelines 
for land managers with the object of minimizing damage by water and 
sediment, where this is a problem. They will also provide a framework 
for any future research into the problem of managing forests for 
increasing water yields. 

Probability of success - the probability of quantitatively evaluating 
the effects of clearcutting on water yield, physical water quality, 
and streamflow regime is high if the spring runoff period only is 
considered. For other times of the year, the chances of identifying 

~ ~ ; f 
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sediment sources and detecting relative differences in the amount of 
sediment remain high but it is more difficult to detect differences 
between water yields from logged and from untreated areas. 

Probability of results being applied - if results indicate that 
problems pertaining to changes in water yield, sediment sources, and 
sediment yield exist, there is a high probability that guidelines 
will be constructed with the object of minimizing these problems. 
The guidelines would contain recommendations relating to road and 
seismic line construction, in addition to forest cutting practices. 
Whether these guidelines are followed or not will depend upon the 
land management agency concerned with such problems. 

Method used - a simple statistical analysis uses the null hypothesis 
to compare the mean values of a) water yield at specified times 
from treated and untreated groups of catchments, and b) sediment 
production from groups of a particular source type i.e., road and/or 
seismic lines. 

The method requires streamflow measurements from 6 to 10 treated 
catchments, and from 6 to 10 untreated catchments. Catchments, the 
outlets of which must be accessible at all times, are selected so 
that several physiographic and climatic regions of the lease area 
are sampled. No artificial structures are used to control streamflow; 
the flow is measured along natural control sections with current 
meters or Rhodamine WT dye. Changes in water elevation are monitored 
by recorders or noted from staff gauges, and a correlation (rating 
curve) is obtained between water elevation and streamflow for both 
high and low flows. 

Initial efforts to detect differences between streamflow from the 
two types of catchments will be confined to the spring runoff period, 
when differences are expected to be at a maximum. 

Sediment production from a given source is to be determined by taking 
the difference in sediment concentrations between samples taken 
upstream and downstream from a sediment source. The basic assumption 
of the method is that downstream concentrations exceed upstream 
values because of sediment discharge from the source area. This 
technique has been successfully used elsewhere. 

The initial sample design included forty sites, evenly divided among 
road-stream and seismic trail-stream intersections, less than two 
years old from the time of disturbance, and stratified by till types. 

Sediment samples were obtained in one-pint glass bottles either as 
grab samples or with a DH48 hand sediment sampler. Rating curves 
and measures of streamflow were obtained in conjunction with sediment 
to allow sediment discharge to be calculated in terms of streamflow. 
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Water yield from catchments is governed to a large degree by 
precipitation on the catchments. It is necessary therefore to 
establish a climatic zonation of the lease area. For this purpose 
climatic data, including daily air temperature and precipitation 
data collected for study NOR 138 will be utilized. 

9. Study Objectives: 

1. To quantitatively determine the impact of present and past 
timber harvesting operations on channelized streamflow, 
regime and physical water quality. 

2. To identify sources of sediment. 

3. To assist in the evaluation of the effect of such impact on 
downstream water users to foresee and forestall future problems. 

10. Resources: 

a. Starting date: 1972 
b. Estimated year of completion: 1975 Revised: 1977 
c. Estimated total Prof. man-years required: 1.0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.4 (Hillman 0.2, Rothwell 0.2) 

Supp. 0.0 
Casual 0.0 
Total 0.4 

11. Progress to date: 

~ r 4 ~ 
'" j' • t.... \. • 

During 1971 preliminary work was undertaken to determine the feasibility 
of the study. Maps and overlays were assembled, and on-site 
reconnaissance by Canadian Forestry Service personnel was conducted 
to select 18 catchments for study from over 100 catchments. 

Support for the study was obtained from Water Survey of Canada, 
Atmospheric Environment Service, North Western Pulp and Power Ltd., 
Alberta Forest Service, and the Fish and Wildlife Division of the 
Alberta Department of Lands and Forests. 

Six questions were posed that required statistically designed sampling 
programs to achieve relevant answers. They were submitted to the 
Alberta Watershed Research Coordinating Committee for consideration 
in December 1971. The Committee agreed that efforts should be 
concentrated on obtaining answers to the two most important questions 
before proceeding to find answers to the other four. 
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The questions accorded primary consideration are: 

1. How much higher are the instantaneous or total flows during 
snow melt from clearcut and/or incompletely cut catchments 
than from each other or those uncut? 

2. What are the principal sources of sediment in the study area? 

Progress has been made towards obtaining statistical sampling 
programs designed to answer these questions. Preliminary analysis 
of 1971 Tri-Creeks (a highly-instrumented catchment near Hinton) 
data indicates that if the variance among harvested and non-harvested 
catchments are assumed equal, in order to obtain an 80 percent chance 
of detecting flow differences of 25 percent, a minimum of four 
harvested and four non-harvested catchments are required. When a 
similar analysis was carried out for total flows from catchments 
located allover the world, it was found that a minimum sample of 
six harvested and six non-harvested catchments are required for the 
present study. Therefore answers to question 1 will be based on 
data obtained from a minimum of six harvested and six non-harvested 
catchmen ts. 

To answer question 2, it was decided that initial studies should 
examine the relative importance of road-stream and seismic trail-stream 
intersections as sediment sources in the study area. Results from 
earlier work indicated that 16 to 20 sampling sites must be used to 
detect sediment differences of 100% during reasonably homogeneous 
storm events. Therefore the initial study design included 40 sites 
evenly divided among roads and seismic trails. 

During the period 1972-74, precipitation data were collected from 
May to September from a maximum of 36 standard rain gauges and 
11 recording gauges in the immediate vicinity of the study catchments. 
These formed part of a larger Summer precipitation network of 
135-145 standard gauges and 21-24 recording gauges associated with 
study NOR-14-138. A total of 15-21 snow courses were measured in 
the spring each year to obtain an estimate of the snowpack 
water equivalent prior to spring breakup. 

Precipitation data were used to produce detailed isopleth maps of 
total summer precipitation, of precipitation during important storm 
events, and of precipitation during other relevant time periods. 

Water level recorders were installed on 18 catchments during 1972-74. 
Streamflow measurements were taken during April through September 
and, together with stage-discharge rating curves developed for 
each station, used to obtain mean daily discharge. 
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Composite hydrographs were developed to represent the average flows 
from the logged and from the control catchments. Results indicate 
that logging has a significant impact on snowmelt runoff. The mean 
flow resulting from snowmelt (April 25 to May 23, 1974) was 3.8 
inches for logged catchments, and 2.5 inches for control catchments. 
The difference of 1.3 inches (52%) was significant at the 90% 
confidellce level. Differences in the timing of peak flows for logged 
and control catchments were not evident. Significant differences 
between flows from the two types of catchments were established for 
certain rain storm events with the logged catchments sustaining 
higher flows. 

During 1972-73, a sediment sampling network of 38 sites (22 road-stream 
and 16 seismic trail-stream intersections) was established, described, 
and instrumented. Weekly sediment samples, upstream and downstream 
were obtained and analysed for suspended sediment concentration, 
conductivity and turbidity. Streamflow, stage and precipitation 
data were obtained for each site. 

Results indicated that the sampling method is satisfactory for 
evaluating sediment discharge from specific points. Downstream 
sediment samples, 75% of the time are higher than upstream samples. 
Average sediment production from roads and seismic li.nes was 
816 Ib/day and 413 lb/day respectively. The difference was found 
to be significant at the 80% level of probability. No significant 
differences were detected during non-storm conditions. Average 
sediment production for roads and seismic lines during non-storm 
conditions was 62 lb/day and 54 lb/day respectively. 

A test of discriminant function as a method to classify catchment 
areas for high and low sediment production showed that the number 
of road-stream, seismic line-stream crossings and catchment area 
were best indicators of land disturbance and erosion-sedimentation. 

An automatic sediment sampler has been developed. Field tests show 
that integrated sediment samples for 1-8 day periods can be obtained. 
Modifications related to pumping times and field installation 
procedures have been made and ten samplers constructed. 

Some progress has been made in summarizing the characteristics and 
condition of each catchment using information from topographic, surficial 
geology, bedrock geology, vegetation, and forest management maps. 

Results of the study were presented at meetings, e.g. Alberta Watershed 
Research Coordinating Committee, and seminars. 

12. Goals for 1975-76 

1. Provide support for study NOR-14-l04 by monitoring streamflows 
from 8 catchments in the Berland and McLeod working circles 
during the period mid-May to mid-August, and by processing the 
field data so obtained into useable form (Hillman). 
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2. Prepare a paper on the successful testing of a here-to-fore 
untried statistical technique for quantifying the effects of 
large scale timber harvesting on ensuing streamflow. 
Authors: R.H. Swanson and G.R. Hillman. 

3. Prepare a report on the results of the study and their implications 
regarding the effects of pulpwood harvesting on water yield and 
streamflow regime. Authors: G. R. Hillman and R.H. Swanson. 

4. Complete information report on the hydrometeorological 
information for the Hinton-Edson region, 1972-74. Authors: 
G.R. Hillman, J. Powell and R.L. Rothwell. 

5. Complete report on use of discriminant function for classifying 
high and low sediment production. Author: R.L. Rothwell. 

6. Complete testing of automatic sediment sampler on the Marmot 
Creek evaluation (NOR-13-0l7) and prepare a report (Rothwell). 

7. Complete report describing erosion-sedimentation from roads 
and seismic lines. Authors: R.L. Rothwell, R.H. Swanson. 

8. In early April run snow surveys at 12 to 18 locations for 
comparison with other years. Maintain a full network of 
precipitation gauges from May to September in the Berland, 
Athabasca and McLeod working circles to obtain background 
precipitation data for the present goals of this study and 
for NOR 104, 138 and 139. (Powell) 

9. Prepare study progress report. 

13. Accomplishments in 1975-76 

1. Streamflow data was obtained during the period June to mid-August, 
1975 for 8 catchments. The data is now being processed. 

2. and 3. These goals have been combined. The subject material 
for the two papers outlined in goals 2 and 3 respectively is 
now incorporated into a single paper entitled "Increased water 
yield after clear harvest in western Alberta, Canada". This 
paper is now being reviewed. (Authors: R.H. Swanson and 
G. R. Hillman). 

4. All hydrological and climatic data tabulated and prepared in 
map or graphical form for 46 catchments. Draft sections on 
precipitation measurement and snow course data have been 
completed. Preparation of format for physical description of 
each catchment, and tabulation of required data currently in 
progress (Authors: G.R. Hillman, J. Powell, and R.L. Rothwell). 

.. , ",; , . 
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5. Preparation of report on test of discriminant function for 
classification of sediment production not completed. This 
work delayed by higher priority commitments in other 
projects (Author: R. L. Rothwell). 

6. Testing of automatic sediment samplers completed. A network of 
8-10 samplers was established in Marmot Creek Experimental 
Watershed and operated during May-June, 1975. The samplers 
operated successfully 70-80 percent of the time. The sampler 
takes hourly samples of 100-150 cm 3 'for a maximum period of 
8 days before requiring servicing. Periodic failure of the 
samplers was caused by the pumps which do not operate effectively 
at water temperatures of I-3°C. Time did not permit preparation 
of a report. 

7. Publication describing erosion-sedimentation from roads and 
seismic lines is in second rewriting. The paper should be 
submitted for review in spring 1976 (Authors: R. H. Swanson 
and R. L. Rothwell). 

8. Snow courses were run at 15 locations in early April to provide 
snowpack values for comparison with other years. Results were 
briefly compared and presented to the Alberta Watershed 
Research Coordinating Committee in November. 

9. Time not available to prepare a study progress report. 

14. Coals for 1976-77 

1. Take oblique aerial photographs of the 18 study catchments 
while snow is still on the ground (Hillman). 

2. Complete processing of 1975 streamflow data (Hillman). 

3. Modify and test new components to overcome periodic pump 
failures in automatic sediment samplers (Rothwell). 

4. Publication of paper entitled "Increased water yield after 
clear harvest in western Alberta, Canada". (Journal) 
(Authors: R.H. Swanson and C.R. Hillman). 

5. Publication 
geophysical 
(Journal) • 

of "Erosion-sedimentation from logging roads 
exploration trails in the Hinton-Edson area, 
(Authors: R.L. Rothwell and R.H. Swanson). 

and 
Alberta". 

6. Publication of Information Report entitled "Hydro-meteorological 
information for the Hinton-Edson area, Alberta. 1972-75" • 
(Authors: C.R. Hillman, J. Powell, and R.L. Rothwell). 

\. j\' t f.. _ ,_ 
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7. Prepare a report entitled "Impact of clear harvest and 
geophysical activity in western Alberta on local hydrology" 
(Journal). 
(Authors: R.H. Swanson, C.R. Hillman, R.L. Rothwell, and 
T. Singh). 

8. Complete report and prepare publication on "Test of 
discriminant function for classification of sediment 
production from wildlands" (Journal). (Author: R. L. Rothwell). 

9. Prepare report and publication on "Test of automatic sediment 
sampler for remote areas". (Journal) . (Authors: R.H. 
Swanson, R.L. Rothwell, and D. Pitt). 

10. Prepare study progress report. 

15. Publications: 

Up to 1975-76 

Alberta Watershed Research Program. 1972. Annual Report, March 
1971 - January 1972. Research Coordinating Committee. 
pp. VI 2-12. 

Alberta Watershed Research Program. 1973. Annual Report, January 
1972 - December 1972. Research Coordinating Committee. pp. III 
3-5; IV 4-6. 

Alberta Watershed Research Program 1973. Annual Report. January 
1973 - December 1973. Research Coordinating Committee. 
pp.III 2-4; IV 1-4. 

Alberta Watershed Research Program. 1974. Annual Report. January 
1974 - December 1974. Research Coordinating Committee. 
pp. III 3-6; IV 1-6. 

Hillman, C.R. 1971. Probable hydrological effects of clearcutting 
large blocks in Alberta. pp. 44-74. In: H. J. Johnson et al. 
Some implications of large-scale clearcutting in Alberta - a 
literature review. Northern Forest Research Centre. Inf. Rep. 
NOR-X-6. 

Hillman, G.R. 1972. Determination of discharge and mean velocity of 
several Alberta streams using Rhodamine WT dye. - A report 
submitted to the Director of the Division of Pollution Control, 
Alberta Department of the Environment. December. pp. 11. 

C; (I'; 
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Hillman, G.R. 1974. Logged areas produce more water than not 
logged during spring storms. Canadian Forestry Service, 
Northern Forest Research Centre. Forestry Report 3(4). 

Rothwell, R.L. 1973. How to design logging road drainage systems. 
Canadian Forest Industries 93(3):39-43. 

Rothwell, R.L. 1974. Roads - Major Sediment Source. Canadian 
Forestry Service, Northern Forest Research Centre. Forestry 
Report 3(4). 

Singh, T., Y.P. Kalra and G.R. Hillman, 1974. Effects of pulpwood 
harvesting on the quality of stream waters of forest catchments 
representing a large area in western Alberta, Canada. Proc. 
Symposium on the effects of man on the interface of the 
hydrological cycle with the physical environment. Int. Assoc. 
of Hydrological Publ. No. 113, p. 21-27. 

1975-76 

Alberta Watershed Research Program. 1975. Annual Report January
December 1975. Research Coordinating Committee. pp. III 
29-31, IV 28-29, V 10. 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 
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NOR-14-138 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 11, 1976 

1. Project: Impact of clearcutting on forest environment 

2. Title: The climate of clearcut forested areas. 

3. New: Cont.: X 4. No.: NOR-14-l38 

5. Study Leader: J.M. Powell 

6. Key Words: Forest climatology, macroclimatology, mesoclimatology, 
microclimatology, clearcut size, mobile and airborne 
sensing, SAl, SA2, M4, B19a, B19c. 

7. Location of Work: North Western Pulp and Power Ltd. lease area at 
Hinton, Alberta and Edmonton Laboratory. Data 
will be obtained from the Prince George, B.C. area 
on a cooperative basis with Climatology Section, 
CLI, Victoria, B.C. 

8. Problem: 

A literature review indicated that there is a paucity of data relating 
to climatic environmental changes brought about by large-scale 
logging operations. Background information of the interrelationships 
of macro-, meso- and microclimate in clearcut areas is required for 
other forestry studies. Information on the effects of different 
types and sizes of cutting patterns is particularly lacking. What 
changes in the various climatic parameters important for forest 
regrowth can be expected following the removal of the tree cover, 
and how far does the ameliorating influence of the stand border extend? 
Can any adverse changes be physically adjusted by modifying cutting 
patterns to improve the ground-level factors? 

A detailed analysis of the problem can be found in the study 
statement for the year 1974-75. 

9. Study Objectives: 

1. To determine the effect of clearcutting of different sizes on 
the various climatic parameters. 
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2. To identify the zones of stand border influence for each 
climatic parameter and to relate this to size and orientation 
of cut. 

3. To assess the use of fixed ground based climatic stations, with 
ground level mobile sensors and airborne sensors, for obtaining 
climatic data for forestry purposes. 

10. Resources: 

a. Starting date: 1971 
b. Estimated year of completion: 1978 
c. Estimated total Prof. man-years required: 2.8 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.5 (Powell) 

Supp. 0.9 (Skaley) 
Casual 0.3 
Total 1.7 

11. Progress to Date: 

Initial field work for the mesoclimatic aspects were begun in June 
1971 when up to 21 stations were operated at 53 locations on 5 cutting 
compartments. Sixteen to 20 stations were run throughout the winter 
of 1971-72 and detailed measurements of snow were taken. In 1972 
58 locations were sampled, including 22 on a continuous basis from 
May to early October, but only one station was operated through the 
winter. In 1973, 47 weekly and two monthly climate stations were 
run from mid-April or early May to early October. In 1974 stations 
were run at 50 locations. All regular or satellite stations were 
equipped for measuring temperature. humidity and precipitation each 
year. Base stations and some other stations also have equipment for 
measuring wind, radiation. soil temperature (some soil moisture) 
and some evaporation (one or two years only). In 1972 soil moisture 
neutron probes were installed and maintained for a few months at 
27 stations, and gravimetric soil moisture sampling was obtained 
at 15 stations as a check against the neutron probe readings. 
In addition to the standard climatological stations additional 
precipitation only stations have been run since 1972 to increase the 
precipitation network density to provide better precipitation 
information for this and the hydrology studies especially NOR 121. 
Tabulations have been completed each year for all the precipitation 
recording stations and for stations in and adjacent to the study 
area operated by other agencies for the years 1972 to 1974 inclusive. 
The total area network represents summer precipitation totals obtained 
from almost 150 locations each year. Brief reports on the precipitation 
aspects have been prepared annually for the Alberta Watershed Research 
Program. 
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In 1972 six areas, two strip cuts, two block cuts and two large 
irregular cuts were selected for microclimatic studies, with 
6 to 16 stations per cut. In 1973 soil temperature measurements 
were made at approximately weekly intervals from mid-May to late 
September on four of the networks installed in 1972. In 1973 
transects of soil temperature profiles (24 or 26 stations) were 
established on two additional areas in association with NOR-14-l39. 
Transects of Gen atmometers and rain gauges were also established 
on these two areas, along with continuous recording soil and air 
temperature probes. In 1974 two further microclimate networks 
were established in connection with NOR-14-l39 with similar 
instrumentation to the two networks established in 1973. Measurements 
were continued on the four networks established in 1972 and read in 
1973. 

Extraction and key punching of mQst data up to October 1973 was 
completed for most climatic parameters. All the 1974 temperature 
and most of the precipitation data had been extracted. Some soil and 
air temperature data associated with one area for the NOR-14-l39 
study was being extracted. 

In 1971 and 1972 a dozen mobile temperature traverses, most at dawn 
were run through and between four of the study compartments. Thermal 
infrared line scan images were taken in August and October 1971 
along two transects in the McLeod Working Circle. A report was 
published describing a computer technique developed to present some 
of the imagery. Information on pairs of stations set up in the 
Prince George area on a cooperative basis by the B.C. Climatology 
Section of CLI was received for 1972 and 1973 for comparison purposes 
with similar station pairs in the Hinton area. 

Further more detailed summaries on the above progress and preliminary 
reporting along with location maps and master summary charts 
available can be found in the Study Progress Report giving status 
up to the spring of 1975. 

12. Goals for 1975-76: 

1. Continue the climatic monitoring of the mesoclimate networks on 
six cutting compartments, four in the Athabasca W.C. and two in 
the McLeod W.C. to provide adequate background information for 
studies NOR-14-l04, 121 and 139, as well as to satisfy the 
objectives of this study. 

2. Maintain precipitation gauges at additional locations in 
connection with studies NOR-14-l04 and 121 from May through 
to September. Snow survey measurements will be taken at 12-18 
locations, second week of April, to establish the winter 
snowpack and to compare with winter precipitation totals from 
recording gauges, and snow surveys of previous years. 



3. Input will be provided to complete the precipitation section 
of the proposed Information Report on hydrometeorological 
information for the Hinton-Edson Region, Alberta 1972-74. 

4. The four microclimate networks associated with NOR 139 will be 
maintained from early May to late September. Hopefully the 
soil. temperature profile network at each location, and at three 
other locations in McLeod W.C., Compartment II can be measured 
at weekly intervals. 

5. The extraction and key punching of collected data will be 
continued to facilitate future analysis. 

6. A report will be prepared on the summer macroclimate zonation of 
the Hinton lease and adjacent area based on climate stations 
with records for the 1961-1970 period. 

7. A file Study Progress Report will be completed giving status of 
the Study up to March 31, 1975. 

8. The draft of the Ph. D. thesis based on the first 17 months data 
from the study will be completed by D.C. MacIver. 

9. With the cooperation of the B.C. Environment and Land Use Committee 
Secretariat 1975 data from two pairs of stations set up near 
Prince George will be provided for comparison purposes. 

10. Complete the master summary chart describing the 100 sites 
instrumented for the recording of mesoclimatic parameters during 
the study. 

13. Accomplishments in 1975-76: 

1. Monitoring of the mesoclimate networks was continued on eight 
cutting compartments, although at a reduced level on two compart
ments in the McLeod Working Circle. Climatic stations were run 
at a total of 48 locations, 11 of these were directly associated 
with NOR-14-l39. At all of these stations the following parameters 
were measured from late April/early May to early October: 
temperature, including maximum and minimum thermometers, standard 
rain gauge and humidity. Recording rain-gauges were maintained 
at 21 locations, 10 of which are running through the winter. 
Radiation was measured at 13 stations, wind at 12 stations, and 
soil moisture at 2 stations. Soil temperatures at depths of 5 and 
20 cms. were measured ~Teekly at 35 stations and soil temperature 
profiles to 70 cm or 1 m at 32 stations. 

2. Standard rain gauges were maintained at an additional 16 locations 

") n , 
'. ":'f " t· >. > 

in connection with studies NOR-14-l04 and NOR-14-l2l from May through 
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to September. Daily precipitation data was also obtained for 
the same period for 63 stations operated by other agencies 
to provide a wider and denser network for individual storm 
analysis. Snow survey measurements were taken at 15 locations 
in the second week of April to establish the winter snowpack. 
At 6 of these locations the courses provided comparable data for 
clearcut areas and within stands. Preliminary analysis of the 
snow course data was provided for the Alberta Watershed Research 
Program Annual Meeting and Annual Report. 

3. All precipitation data for the Hinton-Edson area for the summers 
of 1972 to 1975 have been analysed from 130 to 150 stations each 
year for the Information Report giving hydrometeorological 
information. The precipitation methodology section has been written 
and all seasonal and storm maps have been prepared in draft form. 
A separate section has been prepared using data from the year-round 
recording precipitation gauge network and a section on the snow 
course data for the years 1972-75 has been prepared giving 
comparative data for years and areas. 

4. The four microclimate networks associated with NOR-14-l39 were 
maintained from early May to late September. This included the 
operation of a 10- and 20-temperature probe recording system on the 
two McLeod areas. Mention of other parameters measured can be 
found in NOR-14-l39. The soil temperature profile network at 
each location were measured weekly, also four other networks in 
the McLeod W.C. Compartment II (one installed in 1975)for comparison. 

5. The extraction and key punching of data was continued. All 1971-4 
mesoclimate temperature data has been extracted and key punched 
and a start has been made on 1975 data. All 1971-75 precipitation 
data has been extracted and tabulated except for 1975 data from 
three recorders which is presently with AES for extraction. All 
1974 radiation data has been extracted, and selected stations in 
earlier years. Humidity data has been extracted and key punched 
for selected stations. Wind daLa has been extracted and key 
punched for most stations, and soil temperature for one recorder. 
The 1974 and 1975 temperature probe data has been extracted. 

6. The report entitled "Summer climate of the Hinton-Edson area, 
West-Central Alberta, 1961-1970" has been completed and approved 
for publishing. 

7. A file Study Progress Report giving status up to the spring of 
1975 was completed. 

8. The draft of the Ph.D. thesis based on the first 17 months data 
from the study is still in preparation by D.C. MacIver. 

9. Data from the two pairs of stations near Prince George has been 
received for 1974 and 1975. 

~ '-.} t 
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10. Descriptions have been completed for 104 climate stations 
giving location information, including elevation, 
slope, aspect, cut block no., year cut, any post-harvesting 
treatment, vegetation cover, degree of harvesting residue 
and other features. Also descriptions have been completed 
for approximately half the micro-climate soil temperature 
sites. Photographs are on file for many of the meso-climate 
stations. 

14. Goals for 1976-77: 

1. Continue the climatic monitoring of the mesoclimate networks 
in two areas (Athabasca, McLeod) in association with NOR 139. 

2. Snow survey measurements will be taken at 12-18 locations in 
late March to establish the winter snowpack and to compare 
with previous years. The network of winter recording 
precipitation gauges will be maintained through the summer 
on a monthly basis. 

3. Four microclimate networks associated with NOR-14-l39 will 
be maintained from early May to late September along with 
four similar networks in adjacent areas, to provide further 
information on the stand border influence. 

4. The extraction and key punching of collected data will be 
continued. A start will be made on the analysis of some of 
the parameter data other than precipitation, which has been 
analysed on a regular basis in support of the hydrology studies. 

5. Complete the precipitation section for the Information Report 
on hydrometeorology information for the Hinton-Edson area, 
Alberta, 1972-75. 

6. Site descriptions will be completed for the rest of the soil 
temperature sites of the microclimate networks. 

7. Undertake a trip to the Prince George area to visit the two 
pairs of stations for which data has been received for the 
years 1972-75 from the B.C. Environment and Land Use Committee 
Secretariat. With their cooperation receive 1976 data for 
comparison purposes with data collected in the Hinton area. 

8. A draft of the Ph.D. thesis based on the first 17 months data 
from the study will hopefully be completed by D. C. MacIver. 
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15. Publications: 

Up to 1975-76 

Powell, J.M. 1971. Environmental factors affected by clearcutting. 
pp. 4-18. In: Johnson, H.J., H.F. Cerezke, F. Endean, G.R. 
Hillman, A.D. Kiil, J.C. Lees, A.A. Loman and J.M. Powell. 
Some implications of large-scale clearcutting in Alberta, a 
literature review. Can. Dept. Environment, Can. Forestry Serv., 
Edmonton. Information Report NOR-X-6. pp. 114. 

MacIver, D.C. and Powell, J.M. 1973. Thermal soil variations as a 
function of clearcut size: preliminary analysis. Paper 
presented at the Eleventh Conference on Agricultural and Forest 
Meteorology, American Meteorological Society, Durham, N.C. 
January 9, 1973. (Also Environ. Can., North. For. Res. Cent., 
Edmonton, File Report NOR-Y-53. pp. 10). 

Alberta Watershed Research Program 1973. Impact of existing timber 
harvest on water yield, physical quality and micro climate. 
pp. IV, 4-6. Annual Report January 1972-December 1972. January 
3, 1973. 

Powell, J.M. 1973. Forest Climatology in Alberta. Paper presented 
to the Canadian Meteorological Society (Alberta Centre), 
Edmonton, April 3. 

Powell, J.M. 1973. Climatic data input for quantitative evaluation 
of the effects of pulpwood harvesting on water yield, physical 
water quality and streamflow regime, pp. 111-3. Climate of 
clear harvested areas, pp. IV 3-4. In: Annual report January, 
1973-December 1973. Alberta Watershed Research Program. 
December 7, 1973. 

E. D. Lubitz and J.M. Powell, 1974. Some computer techniques for 
presentation of thermal infrared line scan data. Envir. Can., 
North. For. Res. Cent., Edmonton. Info. Rept NOR-X-79. 21 p. 

Powell, J.M. 1975. Climate of clear-harvested areas. 
III 5. In: Annual Report January-December 1974. 
Watershed Research Program. January 7, 1975. 

1975-76: 

pp. IV 4-6, 
Alberta 

Powell, J.M. 1975. The climate of clearcut forested areas. 
Envir. Can., Northern For. Res. Cent., Edmonton. Study 
NOR-14-l38. Progress Rept. 9 p. + 5 maps. 



Powell, J.M. 1975. Precipitation studies in support of hydrology 
and other studies on the North Western Pulp and Power Lease 
area near Hinton. pp. IV 28-29. In: Annual Report January
December 1975. Alberta Watershed Research Program. January 23, 
1976. 

Powell, J.M. and D.C. MacIver. 1976. Summer climate of the Hinton
Edson area, west-central Alberta, 1961-1970. Envir. Can., 
For. Serv., Northern For. Res. Cent., Edmonton, Alta. 
Info. Rept. NOR-X-149, 43 p. (In press). 

16. Signatures: 

Inve tigator Program Manager 

Director G. T. Silver 
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NOR-14-139 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 11, 1976 

1. Project: Impact of clearcutting on forest environment 

2. Title: The effect of the microclimate of clearcut areas on 
survival and growth of conifer regeneration. 

3. New: Cont.: X 4. No.: NOR-14-139 

5. Study Leader: H.P. Sims (resigned Sept. 30, 1975); J.M. Powell (interim). 

6. Key Words: Pinus contorta, Picea glauca, seeding, planting, 
establishment, growth, survival, microclimate, aspect, 
vegetation. 

7. Location of Work: North Western Pulp and Power Ltd. lease area at 
Hinton, and Edmonton laboratory. 

8. Problem: 

In recent years some forest management practices, notably clearcutting 
have become a focus of public controversy. Present management of 
our forests is by guidelines implemented and enforced by our 
provincial governments. A recent literature review (Johnson et al. 
1971) of the implications of large-scale clearcutting in Alberta, 
undertaken at the request of the Alberta Forest Service, indicated 
that there is a paucity of data relating to climatic environmental 
changes brought about by large-scale logging operations. Some 
information is available, from other areas, for small blocks or 
strip cuttings, but virtually nothing for large clearcuts where the 
favorable influence of the stand border on environmental parameters 
only affects a minute area of the cut. New regulations in Alberta 
require that cuts in spruce and spruce/fir forests should not be 
larger than 40 acres and in pine forests 60 acres. However, large 
scale operators are now in the position of removing large blocks 
of reserve forest left at the time of the initial cut, hence cut 
areas covering hundreds of acres are being created. In a similar 
lodgepole pine type in Wyoming, a 35-acre maximum size limit is in 



force on new scales, although existing timber scale contracts call 
for larger c1earcut blocks (USDA, 1971). Regeneration of c1earcut 
blocks of pine forest does not appear to be a problem in Alberta 
or Wyoming, as this harvesting method fits the si1vica1 and 
ecological requirements of lodgepole pine, but this does not appear 
to be the case in spruce/fir areas (Johnson et al. 1971; USDA, 
1971). The use of c1earcut harvesting methods in spruce/fir areas 
often leads to problems of regeneration and seedling growth and 
needs further research. 

North Western Pulp and Power Co. have expressed a need for correlation 
of regeneration stem analysis with air and soil temperature and 
soil moisture in c1earcut blocks. 

Questions have also arisen publicly re erosion following c1earcutting, 
and the suitability of c1earcut areas for wildlife. Vegetation 
cover is an important factor involved in both these problem areas 
and is also an important factor operationally, with regard to 
competition to conifer regeneration. In this respect the interests 
of the public and the timber manager may be antagonistic to some 
degree. Vegetation encroachment on the c1earcut areas should be 
assessed in order to provide a reasonable solution to these problems, 
if they do indeed exist. 

The study has been developed in collaboration with work by J.M. Powell 
to establish the effect of c1earcutting on macro-, meso- and micro
climate (NOR 138 - The climate of c1earcut forested areas). The 
microclimate measurements proposed are an integral part of that study. 

9. Study Objectives: 

To determine the significance of microc1imatic regimes created by 
c1earcutting in terms relevant to growth and survival of planted 
spruce and pine. 

10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1973 
Estimated year of completion: 1977 
Estimated total Prof. man-years required: 2.0 
Essential new major equipment items for 1976-77 
Essential new major equipment items beyond 1977 
1976-77 man-years Prof. 2.0 (Stevenson) 1.0 

Supp. 1.0 (Campbell) 
Casual 0.3 
Total 3.3 

with costs: Nil 
with costs: Nil 

(Vacant 1. 0) 
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Aspects in the upper foothills areas of the Hinton limits are 
predominantly NW or NE and SW or SE. Soil series in the same 
area of the limits are dominated by Coalspur-Mercoal and 
Wildhay-Hanlan in the McLeod working circle by Wildhay-Hanlan 
and McPherson-Hardisty in the Athabasca working circle. All 
are developed on Marlboro till and belong to the Biseque or 
Orthic Gray Wooded soil subgroup. 

Two areas were selected for study on the Coalspur-Mercoal soil 
series with SW and SE aspects in the McLeod working circle and 
two areas on the Wildhay-Hanlan soil series with NE and NW 
aspects in the Athabasca working circle. Slash was cleared from 
the McLeod areas prior to planting. The Athabasca areas were 
scarified by NWPP in the fall prior to planting. Two transects 
of five sample plots were located outward from the stand edge at 15, 
45, 90, 135 and 180 m distance on each area. Sample plots were ~ 

12 x 53 m with the long axis parallel to the stand edge. White 
spruce and lodgepole pine container stock (Hillson container -
164 cm 3 ) were planted at l-m spacing in 6 rows each of 50 trees. 
The plots were divided into five subplots (12 x 10.6 m) to ensure 
adequate coverage of the plot with each sample. Seedlings were 
planted during mid-June, 1973 on the two areas in the McLeod W.C. 
and during mid-June 1974 on the Athabasca W.C. After planting each 
seedling was marked with a metal pin and each subplot row was 
numbered. The 12,000 spruce and 12,000 pine seedlings were grown 
in Hillson containers for 14 weeks in the N.F.R.C. greenhouse, 
then moved to coldframes for 6 weeks before being transported 
to the field for outplanting. In 1973 immediately prior to planting 
200 seedlings of each species were sampled for shoot length and 
root and shoot dry weight. In 1974 80 seedlings of each species 
were similarly sampled. Since planting samples for shoot (top) 
and root growth have been taken as scheduled and are listed in 
greater detail in the Progress Report (Sims 1975). 

Instrumentation for microclimatic sampling on each area was begun 
just ahead of planting and has continued since through each growing 
season. Climatic stations recording temperature, humidity, 
precipitation, wind and radiation have been installed on the cut 
areas and stations recording temperature and humidity at 15 m within 
the stand. Two transects of 8 rain gauges have been set up from 
the stand edge out to the 180 m plots on each area, while Gen 
atmometers for evaporation measurement were installed at the end 
of each plot. Water potential was measured at -7.5 and 15 cm on 
each plot using thermocouple psychrometers. 

A temperature profile (10, 0, -7.5, -15 cm) was measured at 30-minute 
intervals on each plot using thermocouples and a potentiometric 
strip chart recorder powered by a propane fuelled generator. Two 

., ,t 
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transects of soil temperature profiles (1, 5, 7.5, la, 15, 20, 30, 
50 cm) on each area were also measured once per week, when possible, 
using a portable potentiometer. Points included each plot, one 
half-way between each plot, the stand edge and 7.5 and 15 minto 
the stand. In addition a portable air and soil temperature 
la-point probe system was employed on area 257 during the summer of 
1974, and a soil temperature recorder (7.5 and 15 cm) on area 74. 

The growth and seedling weight data, and the spot-temperature, 
moisture, precipitation and evaporation data is as yet only on 
summary sheets. The temperature strip charts for area 257 for 1974 
were extracted and placed on computer sheets for key punching. 
Because of the short recording period in 1973 and the lack of 
growth of 1973 plantings, continuous temperature data for areas 257 
and 262 for that year will probably not be analysed. No continuous 
temperature recording data was obtained on areas 74 and 566 after 
planting in 1974. 

Further details of progress up to March 1975 can be found in the 
Study Progress Report (Sims 1975). 

12. Goals for 1975-76: 

1. The four areas will be fully instrumented in 1975: A total 
survival count of seedlings will be carried out in late Mayor 
early June. A revised sampling schedule will be carried out 
in 1975, based on observations from 1974. Roots of both pine 
and spruce will be sampled June 1, 1975; roots and tops of pine 
June 15; roots and tops of pine and spruce July 1, July 15; 
roots and tops of spruce Aug. 1; roots of both species Sept. 1 
and Oct. 1. Measurements will include top length and weight 
and root weight. 

2. Vegetation will be rated by species and cover on each plot 
using the line intercept method. In addition species and 
cover will be measured on a number of clear-cut areas according 
to site, aspect, distance from stand edge, and time since 
scarification. Detail and extent of vegetation sampling will be 
governed by budget and manpower. 

3. Complete study progress report. 

4. Initiate extraction and analysis of further field data. 

13. Accomplishments in 1975-76: 

1. All areas were fully instrumented in 1975; this was the second 
year of measurement on areas 257 and 262 and the first year 
on 74 and 566. Evaporation, precipitation, temperature and 
soil moisture were measured on all areas. Details of instrument 
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location and periodicity of measurements were as for areas 257 
and 262 in 1974 (Sims 1975). Soil moisture tension was 
near or above field capacity for the duration of the recording 
period and it is questionable whether measurement should be 
continued. Some problems were encountered with the recorders 
for the continuous temperature measurement. Similarly a few 
problems were encountered with the atmometers at the beginning of 
the season and it is questionable whether they can be adjusted to 
a sensitivity necessary to determine evaporation differences 
outward from the stand edge. 

Seedling growth measurement included the following: May 28, 29 
survey of 74 and 566 seedlings for 'red belt'damage; June 2-4, 
all areas root sample for pine and spruce; June 16-18, all areas 
root and shoot sample for pine; June 30-July 4 and July 15-23, all 
areas root and shoot sample for pine and spruce; Aug. 5-7, all 
areas root and shoot sample for spruce; Sept. 1-3, all areas root 
sample for pine and spruce; and Oct. 3-7, all areas root sample 
for pine and spruce. All root samples have been washed. Top 
samples have been dried and weighed and drying and weighing of 
root samples completed. 

2. No time was available for this aspect of the study. It is 
suggested that this objective of the present study be deleted 
and the study title be amended accordingly. 

3. The Biennial Study Progress Report was completed in the spring. 
Also a "progress report and future reconunendations" for the study 
was prepared by Dr. Sims in late September prior to his resignation. 

4. During the last 3 weeks casual short-term help has become available 
to initiate the extraction and tabulation of the continuous 
temperature readings from Area 566 for 1975. A computer run was 
also taken with 30 days of 1974 data from Area 257 to assess 
possible ways of reducing the extraction load in the future without 
losing accuracy of data. An assessment was made of the 1975 
atmometer data to provide guidance for future measurement of 
evaporation on the study areas. 

14. Goals for 1976-77: 

1. The two northern (Athabasca) areas will be fully instrumented as 
was done in 1975. except the atmometers may be grouped rather 
than set out on transects. The continuous temperature recorders 
will not be run on the two southern (McLeod) areas this third 
year as sufficient manpower is not available. The transects of 
rain gauges will be retained on these two areas but only a pair 
of atmometers on each area instead of a transect. 
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2. A total survival count of seedlings will be carried out in late 
Mayan all four areas. No root sampling will be carried out 
in 1976, as roots are now so large that it is impossible to 
obtain a representative root sample. Tops of pine will be 
sampled and measured around June 15, July 1 and July 15, and 
tops of spruce around July 1, July 15 and August 1 on all 
areas. If time allows, all remaining seedlings following the 
last sampling on the two southern areas should be measured for 
height growth as this is the last year of measurement on these 
areas. The sampled tops will be dried and weighed. 

3. Extraction and analysis of field data will continue. 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Sims, H.P. 1975. The effect of the microclimate of clear-cut 
areas on vegetation encroachment and survival and growth of 
conifer regeneration. Envir. Can., Northern For. Res. Cent., 
Edmonton. Study NOR 139 Biennial Progress Rept. 6 p. + 5 figs. 
March. 

16. Signatures: 

Program Manager 

Director G. T. Silver 
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Establishment and maintenance of forest ecosystems 

for amenity and recreation use 



CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

197f> - 77 

NOR-15-140 
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Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 21, 1976 

1. Proje~t: Establishment and maintenace of forest ecosystems for 
amenity and recreation use. 

2. Title: Evaluation of post-planting maintenance techniques and soil 
moisture in recreational plantations in southern Saskatchewan. 

3. New: Cont.: X 4. No.: NOR-15-140 

5. Study Leader: G. L. Lesko 

6. Key Hords: soil moisture, microclimate, weeding. 

7. Location of Work: Danielson Park, Saskatchewan Landing and Rowan's 
Ravine, Saskatchewan. 

8. Problem: 

The Saskatchewan Department of Natural Resources has established 
several thousand acres of plantations in the past decade for recreational 
purposes, near lakes, rivers and highways in southern Saskatchewan. The 
aim of this large scale afforestation was to provide areas for camping, 
picnicking and other recreational activities in the semi-arid land of 
southern Saskatchewan, where no natural tree cover was present. 

It is mandatory in this region that successfully established plantations 
will be subjected to some form of post-planting maintenance to protect 
the multi-million dollar investment. It is also necessary to identify 
species which are not suitable for recreational planting because of their 
low drought resistance, in order to eliminate further failures and 
expenditures. 

The Saskatchewan Department of Natural Resources have requested that this 
study will be undertaken by the Canadian Forestry Service, because no 
expertise is available from other agencies in the province. The probability 
of success of this study is high, and there are strong indications already 
that the results of study will be put into practice. 
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9. Study Objectives: 

1. To select and recommend post-planting maintenance technique(s) 
for established recreational plantings, which will satisfy both 
ecological and economical aspects. 

2. To provide recommendations regarding species performance for 
thinning in established plantations and for future afforestation 
projects. 

10. Resources: 

a. Starting date: 1973 
b. Estimated year of completion: 1975 Revised: 1976 
c. Estimated total Prof. man-years required: 0.0 
d. Essential new major equipment items for 1976-77 with costs: 
e. Essential new major equipment items beyond 1977 with costs: 
f. 1976-77 man~;years Prof. 0.0 

Supp. 0.0 
Casual 
Total 0.0 

11. Progress to Date: 

Nil 
Nil 

A total of six post-planting maintenance techniques were conducted and 
evaluated since 1970 in a Wheeler poplar plantation at Danielson Park. 
The most promising maintenance technique appears to be cultivation in 
the first year after planting, and low mowing in subsequent years. The 
results are evaluated as mortality rates, and height, diameter, and 
crown measurements. 

A problem assessment report was prepared in 1972 and sites were selected 
for the monitoring of soil moisture and for microclimate measurements 
at Danielson Park, Saskatchewan Landing and Rowan's Ravine. Measurements 
were made through 1973. 

12. Goals for 1975-76: 

1. Preparation of the following report: 

Lesko, G. L. and J. Soos. Post-planting maintenance technique 
and soil moisture conservation in amenity plantations 
in Southern Saskatchewan. Inf. Rep. 

2. Termination of the study. 
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13. Accomplishments in 1975-76: 

1. Some progress was made in preparation of the manuscript. 

2. Completion and publication of the manuscript: 

Lesko, G. and J. Soos. Post-planting maintenance techniques 
and moisture conservation in amenity plantations in 
southern Saskatchewan. 

has been transferred, as an administrative convenience to NOR-2-016. 

3. Study terminated. 

14. Goals for 1976-77 

None. Study terminated. 

15. Publications: 

Up to 1975-76 

Lesko, G. L. 1972. Report on the 1971 survey of recreational plantings 
in southern Saskatchewan. Environ. Can., Can. For. Serv., 
North. For. Res. Cent. File Rep. NOR-Y-36. 

Lesko, G. L. 1973. Condition of recreational plantations in Danielson 
Park and Saskatchewan Landing, Saskatchewan. Environ. 
Can., Can. For. Serv., North. For. Res. Cent. File 
Rep. NOR-Y-65. 

1975-76 

Nil 

16. Signatures: 

Program Manager 

Director G. T. Silver 
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1. Project: Liaison and Technical Advisory Services in Forest Management. 

2. Title: Technical and Advisory Services re Insect Pests and Diseases. 

3. New: Cont.: X 4. No.: NOR-17-068 

5. Study Leader: V. Hildahl 

6. Key Words: Tree biology, entomology, pathology, detection, insects, 
diseases, appraisals, protection, pesticides, chemical 
control, spraying, demonstrations. 

-
7. Location of Work: Manitoba 

8. Problem: 

1) User agencies (provincial, federal, industrial, municipal, 
universities) must derive maximum benefits from results of research 
and development programs pertaining to tree protection, maintenance 
and establishment; and 2) research managers need feedback on the 
requirements and views of user agencies for the initiation of 
research and demonstrations aimed at resolving major insect and 
disease problems associated with forest, park and planted trees. 

9. Study Objectives: 

Provide technical guidance and assistance to resource managers of the 
province in developing tree protection and maintenance programs aimed 
at keeping tree losses due to insect and disease outbreaks within 
acceptable limits. 

This is accomplished by: 1) interpreting and disseminating (in the 
form of bulletins, special reports and personal contact) results of 
scientific research that have practical application in dealing with 
insect and disease problems; 2) evaluating current insect and disease 
outbreaks with respect to impact on forest stands, and on park, 
shelterbelt and amenity plantings; and 3) advising and assisting with 
operational insect and disease control programs. 
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10. Resources: 

8. Starting date: 1966 
b. Estimated year of completion: Continuing 
c. Estimated Prof. man-years required: 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1976 with costs: Nil 
f. 1976-77 man-years Prof. 0.3 V. Hildahl 

Supp. 
Casual 
Total 0.3 

11. Progress to Date: 

Since 1966, when the study was initiated, liaison has been developed 
and maintained with authorities of government and industry associated 
with forest utilization, reforestation and amenity programs in the 
Region, and a technical advisory service has been established to 
provide advice on tree problems, especially as they relate to insects 
and diseases. To date, the study has been highlighted by: 
1) demonstrating and evaluating aerial applications of chemical 
insecticides for suppressing outbreaks of the jack pine budworm, spruce 
budworm and forest tent caterpillar in forest and park areas; 2) develop
ing chemical control programs for ground and aerial application against 
cankerworms and other defoliating insects in urban centres such as 
Winnipeg; 3) demonstrating and developing application techniques with 
ground spray equipment suitable for use in suppressing local outbreaks 
of the spruce and jack pine budworms in park and resort areas; 
4) evaluating the effectiveness of recommended insecticides under field 
operational conditions (especially for control of the jack-pine and 
spruce budworms, canker-worms, poplar bud-gall mite and spruce sawflies); 
5) developing 10-year jack pine-mistletoe eradication programs in the 
Belair Provincial Forest and Western District of Manitoba, based on 
market demands for jack pine; and 6) preparing technical information 
brochures designed primarily for resource managers. 

12. Goals for 1975-76: 

1. Continue liaison with resource managers throughout the province, 
and provide technical advisory services, especially with regard 
to insect and disease problems in forest, urban and rural environ
ments. Close contact will be maintained with the Forest Insect 
and Disease Survey and their facilities fully utilized in achieving 
this goal. 

2. Continue to evaluate the effectiveness of operational spray 
programs at the request of resource managers -- fall cankerworm 
in southern Manitoba, spruce and jack-pine budworms in Spruce 
Woods area, forest tent caterpillar in central Manitoba -- and 
publish pertinent results. 
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'L Clllllplt'te scientific pubU.c<llioll "Control of Poplar Bud-Gall Mite 
With Insecticides" (Jointly with R. F. DeBoo, Chemical Control 
Research Institute). 

4. Publish brochure entitled "Forest Tent Caterpillar in the Prairie 
Provinces" • 

5. Publish brochure entitled "Poplar Bud-Gall Mite in the Prairie 
Provinces" (jointly with R. F. DeBoo, Chemical Control Research 
Institute) if Furadan registration is completed. 

6. Publish results of 1974 spray program to control spruce budworm 
in the Spruce Woods Provincial Forest and Park of Manitoba. 

13. Accomplishments in 1975-76: 

1. Contacts and liaison with resource managers were maintained and 
technical advisory services (including lectures and seminars) 
provided, especially on current insect and disease problems in 
forest, urban and rural environments. Regular contact was also 
maintained with Forest Insect and Disease Survey personnel in 
achieving this goal. 

2. The effectiveness of operational chemical spray programs against 
the spruce and jack pine budworms and the forest tent caterpillar 
were evaluated, and the results provided to resource managers. 

These aerial spray programs covered approximately 45 acres of 
white spruce stands and 1023 of pine plantations in the Spruce 
Woods Provincial Park using the chemical Sumithion at 4 oz. a. 
i/acre in one application for spruce and jack pine budworm control 
respectively, and about 3015 acres of trembling aspen stands with 
malathion at 5 oz. a.i/acre in ,one application for forest tent 
caterpillar control -- the latter involving outbreak areas in the 
Whiteshell, Grand Beach, Heela Island and Asessippi Provincial 
Parks and the Camp Morton, Grand Memorial and Manipogo Provincial 
Campsites. Preliminary analysis of the data accumulated by 
field sampling during spray operations indicated that larval 
incidence of the spruce and jack-pine budworms was reduced by 
70-75% and forest tent caterpillar by about 75-85%. These 
reductions in larval incidence resulted in good foliage protection, 
except in some instances in the forest tent caterpillar control 
programs where applications were made after defoliation was well 
advanced. 

3. The scientific publication "Control of Poplar Bud-Gall Mite With 
Insecticides" is still in the early stages of preparation. All 
field spraying has been completed and data analyzed. 

4. Brochure entitled "Forest Tent Caterpillar in the Prairie Provinces" 
was completed and distributed in early May 1975. 



4 

5. Brochure entitled "Poplar Bud-Gall Mite in the Prairie Provinces" 
was not prepared. Registration of Furadan for poplar bud-gall 
mite control has not been completed. 

6. Results of the 1974 spray program to control spruce budworm in 
the Spruce Woods Provincial Forest and Park are currently being 
prepared. These data will be combined with the 1975 spray results. 

7. Added goals for 1975-76: Two pest leaflets were prepared and 
published -- Fall Cankerworm Env. Can., Nor. For. Res. Cen., 
Pest leaflet NFRC PL 3-75 and Yellow-Bellied Sapsucker, Env. Can., 
Nor. For. Res. Cen., Pest leaflet NFRC PL 7-75. 

14. Goals for 1976-77: 

1. Continue liaison with resource managers throughout the province, 
and provide technical advisory services, especially with regard 
to insect and disease problems in forest, urban and rural 
environments. Close contact will be maintained with the Forest 
Insect and Diseaae Survey and their facilities utilized in 
achieving this goal. 

2. Continue to evaluate the effectiveness of operational chemical 
spray programs against the spruce and jack pine budworms in the 
Spruce Woods area of Manitoba, and provide results to resource 
managers for the development of future control programs. 

3. Complete scientific publication "Control of Poplar Bud-Gall Mite 
with Insecticides". (This publication to be prepared jointly 
with R. F. DeBoo, Chemical Control Research Institute). 

4. Complete preparation of report depicting results of the 1974 and 
1975 spray programs against the spruce budworm in the Spruce Woods 
Provincial Park and Forest. 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

1. Hildahl, V. and A. E. Campbell. 1975. Forest Tent Caterpillar 
in the Prairie Provinces. Env. Can., Nor. For. Res. Cen., Inf. 
Rep. NOR-X-135. 12 p. 

2. Hildahl, V. 1975. Fall Cankerworm. Env. Can., Nor. For. Res. 
Cen., Pest leaflet NFRC PL 3-75. 

3. Hildahl, V. 1975. Yellow-Bellied Sapsucker. Env. Can., Nor. For. 
Res. Cen., Pest Leaflet NFRC PL 7-75. 
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16. Signatures: 
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Investigator Prot('9ltt Manager 

Director G. T. Silver 



NOR-17-071 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 29. 1976 

1. Project: Liaison and technical advisory services in forest management. 

2. Title: Liaison and technical advisory services - Winnipeg Sub-office. 

3. New: Cont.: X 4. No.: NOR-17-071 

5. Study Leaders: G. A. Steneker and L. D. Nairn 

6. Key Words: Tree nutrition, reforestation, planting, seeding, 
regeneration, appraisals, Picea glauca, Pinus banksiana, 
Populus tremuloides, thinning, clones, scarification, 
suckering, poplar hybrids, fertilization, containers, 
demonstrations, grasshoppers. 

7. Location of Work: Manitoba 

8. Problem: 

Forest resource managers in Manitoba have been required over the years 
to manage their forests more intensively. The manager must remain 
aware therefore of research findings which are relevant for meeting 
his management objectives. In many instances existing knowledge can 
be applied but in other cases new investigations are required to solve 
current problems. A line of communication between CFS research staff 
and the resource managers is essential for an exchange of information, 
discussion and examination of problems. 

9. Study Objectives: 

a. To establish a working rapport with administrative, operational 
and research personnel in the renewable resource field in order 
that resource managers can obtain the benefit of research on the 
one hand and on the other that research personnel may conduct 
studies of value to the resource managers. 

b. To provide a technical advisory service to resource managers and 
the general public. 
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c. To surveyor appraise forest operations in order to suggest 
means of improving techniques and methods and also as a means 
of determining research needs. 

d. To demonstrate promising research findings to resource managers. 

10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: 1966 
Estimated year of completion: Continuing 
Estimated total man-years required: N/A 
Essential new major equipment items for 1976-77 with costs: Nil 
Essential new major equipment items beyond 1977 with costs: Nil 
1976-77 man-years Prof. 2.0 (G. Steneker 1.0 L. Nairn 1.0) 

Supp. 3.0 (M. Pratt 1.0 N. Schultz 1.0) 
Casual 0.5 (B.E. Bilinsky 1.0) 
Total 5.5 

11. Progress to Date: 

Liaison has been maintained with provincial and industrial resource 
managers and an understanding has been gained of the broad spectrum 
of forest management practices and problems. The technical advisory 
service has made resource managers aware of research findings 
relevant to their problems and has provided expertise advice. 
Demonstrations and appraisals have been initiated to meet the requests 
of resource managers in the field. 

12. Goals for 1975-76: 

1. Work on the aspen management demonstration area will be continued. 
The clones, identified in 1974, will be permanently marked. On a 
portion of the cleared area suckers will be thinned out to a spacing 
of about 3 m x 3 m. On part of this, ground vegetation will be cut 
back regularly and sucker regrowth will be cut back to maintain the 
initial spacing. Subsequent increment and form of the thinned 
suckers will be monitored to demonstrate the effect of increased 
growing space and control of ground vegetation on individual tree 
performance. Proper signs will be installed in 1975 at the location 
to designate it as a demonstration area. 

2. A combined thinning and pruning experiment in natural trembling 
aspen stands was started in 1964/65 along the south boundary of 
the Porcupine Forest Reserve. The objective of the study was to 
determine whether pruning in combination with thinning would 
reduce the incidence of stem decay, by reducing the possibilities 
of entrance of decay through branch stubs. First 5-year results 
were published (NOR-X-37, 1972). The remaining sample plots will 
be examined in 1975 and if warranted, tree performance in relation 
to thinning and pruning will be measured. It is anticipated that 
the 1975 observations will close out this experiment. 
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3. Some additional field data will be collected on the poplar 
cultivars which were planted in various locations in Manitoba 
since 1965 and which were remeasured in 1974. In particular, 
individual trees will be classified to form and suitability 
for fibre or amenity purposes. The additional information will 
be incorporated into the first draft of the report on the 1974 
remeasurement. The report "Performance of poplar cultivars in 
Manitoba", should be completed in 1975. 

4. A short note, possibly for the Forestry Chronicle, should be 
completed on the 10-year results of the 2,4-D spraying at 
Riding Mountain National Park. 

5. Co-operation with the province is expected with their assessment 
of past seeding trials in the Western Region. 

It is anticipated that the scarification program, particularly 
that in the Nortqern Region, will be monitored. No surveyor 
overall assessment is planned. However, during the past season 
the CFS in Winnipeg has suggested that some operational 
scarification trials on upland spruce sites be laid out, comparing 
chains with barrels and other available scarification equipment. 
If these operations have been carried out, it is planned to make 
some observations on site conditions and treatment intensity. 

6. As a follow-up on the seeding trials it is planned to carry out 
some observations on the effectiveness of R-55 (Tertiary-butyl
sulfenyldimethyldithiocarbamate) a rodent repellent showing good 
promise. Currently, some germination tests are being run in the 
laboratory to determine the effect (if any) of R-55 on germination 
of conifer seed. Apparently, toxic effects on lodgepole pine seed 
have been indicated. If the germination tests give promising 
results, a spot seeding trial will be laid out in southeastern 
Manitoba, with the objective of demonstrating the usefulness of 
R-55 as a rodent repellent. 

7. Complete publication for Forestry Chronicle "Economic feasibility 
of fertilizer application to mature jack pine and upland black 
spruce stands','. (Nairn) 

8. Assess 1973 broadcast seeding trials and prepare information report 
"Germination of spot and broadcast seeded jack pine on scarified 
sites in southeastern Manitoba". (Nairn) 

41(: 

9. Container planting trials will be continued as in 1974 with particular 
attention being paid to grasshopper activity on these plantings. 
Plots will be established in provincial plantations where over
wintered container stock will be planted in the spring of 1975. 
Survival will be assessed together with growth and survival of the 
1972, 1973, and 1974 plantings. 
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10. As a follow-up on the severe grasshopper damage that occurred 
to provincial container plantations in 1974, laboratory and 
greenhouse tests will be carried out in order to establish the 
relationship between seedling age and feeding damage by grass
hoppers during its various stages of development. Repellents 
and systemicides will be tested for effectiveness. Field 
trials will be carried out to test the effectiveness of the 
recommended chemical Dimethoate in protecting newly-established 
container plantations. Tests will be carried out to qualify 
previous observations that overwintered container stock is not 
susceptible to grasshopper feeding. Mr. W. Romanow of Canada 
Agriculture is co-operating in this work. 

13. Accomplishments in 1975-76: 

1. Height of suckers in 1975 on the demonstration area was not yet 
sufficient to warrant selection of potential trees and carry 
out a thinning-to-spacing in combination with control of ground 
vegetation. The clones, identified in 1974, were permanently 
marked •. 

2. The 10-year remeasurement of the thinning and pruning experiment 
was started in 1975. All trees on 4 sample plots (2 thinned and 
2 unthinned) were harvested and stem sections were brought back 
to the laboratory. Height and diameter measurements were taken 
and stem sections are now being cultured in Winnipeg to determine 
the presence and type of decay organisms in pruned and unpruned 
trees. 

3. Further field observations on the poplar cultivars were carried 
out. Stem form, tree dominance and suitability for fibre and/or 
amenity purposes were assessed. A second draft of "Performance 
of Poplar Cultivars in Manitoba" planned as an Information Report, 
is under review. 

4. A brief note on the 10-year results of the 2,4-D spraying at 
Riding Mountain National Park was completed and is on file. 
However, the data do not warrant publication on their own. They 
are only suitable as supporting data for other information on 
release spraying or cutting. 

5. The province did not assess any of their seeding trials in the 
Western Region in 1975. 

41 :._ 

In the Northern Region a start was made in 1974 to modify the 
intensity of scarification on jack pine cutovers. One area was 
treated in 1974 and was examined in 1975. (Control area - 40 acres, 
50 per cent scarification by missing one pass - 60 acres and 100 
per cent scarification - 40 acres, Mitchell Lake Road, Mile 14.) 
Unfortunately the differently treated areas were not very comparable 
and showed differences in moisture conditions and original 
composition of cover. Observations in 1975 showed 59 per cent 
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stocking on control area, whereas the partially scarified area 
showed 52 per cent stocking on scarified quadrats and 32 per 
cent stocking on unscarified quadrats. 

6. Germination tests in the laboratory with jack pine, red pine, 
scots pine, white spruce and black spruce, using R-55 mixed 
with graphite as a coating for repelling rodents, indicated that 
R-55 had a strong toxic effect on all the pines. Germination of 
the two spruces was little affected. 

A field trial on a jack pine cutover with R-55 and graphite coated 
jack pine seed showed that after two weeks the repellent effect of 
R-55 had disappeared. Residual seed was fed to laboratory mice, 
who consumed the seed regardless of original treatment. Data have 
been discussed with Jim Fraser of Sault Ste. Marie and a combined 
report with other information on R-55 from Fraser is anticipated. 

7. Publication "Economic feasibility of fertilizer application to 
jack pine and upland black spruce stands is "in preparation". 
(Nairn) 

8. The 1975 field assessment of 1973 broadcast seeding trials was 
completed and report is in preparation. (Nairn) 

9. Container planting trials in 1975 were set out in areas of high 
grasshopper activity and suffered up to 85 per cent mortality from 
the insect. Operational planting of overwintered red pine 
container stock by the province did not occur in areas of high 
grasshopper populations and no damage was recorded. Survival and 
growth was assessed in the 1972, 1973 and 1974 container planting 
trials. 

Drought damage was sporadic throughout the Sandilands area in 
1975 but in some locations, overwintering survival of jack pine 
was reduced by the effects of the severe 1974 drought. The 1974 
plantings had losses of 6 per cent or less for the BC/CFS plugs, 
#408, #313 and #308 paperpots, but the #213 paperpot losses 
averaged 40 per cent. The 1973 plantings had good survival in 
1975 at three locations with losses of less than 10 per cent for 
all containers (BC/CFS plugs, #408, #313 and #213 paperpots. 
However, a fourth location where heavy grass competition had in
vaded the site, the additional mortality was 12 per cent (BC/CFS), 
28 per cent (#313), and 40 per cent (#213). The 1972 plantings 
had additional losses in 1975 averaging 12 per cent for #408 
paperpots and 8 per cent for BC/CFS plugs. In general the 
survival and growth of the #213 paperpot seedlings has been 
significantly lower than for all other containers. 

White spruce container trials on bulldozed strips in the Interlake 
area were subjected to considerable flooding again in 1975. Heavy 
rains in the late summer left many strips or part of strips under 
water, making a proper assessment extremely difficult. In general, 
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growth was about equal for BC/CFS plugs and #408 paperpots, 15 
per cent lower for #313 paperpots and 25-35 per cent lower for 
11213 paperpots. 

10. The effect of grasshoppers on container seedlings was evaluated 
in many aspects in 1975 in order to obtain a better understanding 
of the problem and the possibilities of its control. Provincial 
foresters and Canada Department of Agriculture are co-operating in 
this work. Laboratory, greenhouse and field studies were carried 
out to provide information with respect to: insect species 
involved, grasshopper development in respect to seedling damage, 
effectiveness of repellents and systemicides, control by field 
spraying with Dimethoate, and the resistance of overwintered 
container seedlings to grasshopper damage. Results to date are 
as follows: 

a. Grasshopper species causing the majority of damage to field 
planted container stock are MeZanopZus bivittatus, M. biZituratus 
and M. borea lis. 

b. No significant feeding damage is caused until the grasshopper 
has developed to a fourth-instar nymph (usually in the field 
approximately the last week in June or early July). 

c. Caged tests of seedlings treated with Skoot (animal repellent) 
and R-55 (rodent repellent) showed the control seedlings were 
initially eaten and then the treated seedlings were consumed. 
However, there was a significant phytotoxic effect of the 
repellents on the seedlings. Additional tests of the emulsifier 
Agarol 90 and a latex sticker also revealed that they were 
phytotoxic when applied to foliage of 16-week-old pine seedlings. 

d. Tests of fertilized and unfertilized seedlings showed no 
significant differences in feeding damage by grasshoppers. 

e. No grasshopper damage has been observed on field planted 
container stock in their second year in the field. Tests of 
red pine seedlings reared to 16 weeks, overwintered at the 
nursery, and the spring field planted showed up to 40 per cent 
mortality from grasshoppers by the end of the season. Caged 
tests of overwintered seedlings showed that fourth- and fifth
ins tar grasshoppers would consume these seedlings. 

f. Early spring planting does reduce grasshopper damage, however, 
seedlings planted from April 22 to the end of May still endured 
losses of between 13 and 18 per cent by the end of the season. 
Generally, seedling damage is highest when they are planted at 
the peak of grasshopper activity. 

g. In 1975, grasshoppers on the test sites started feeding on seed
lings approximately July 8 and continued until September 25. The 
peak of activity occurred from July 15 to August 15. 
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h. The chemical Dimethoate (a systemicide generally used for crop 
protection in agricultural areas) was tested in two locations. 
A two per cent solution was sprayed on ground vegetation within 
the planting site prior to planting and also on a 100-foot 
buffer zone surrounding the plot. One area treated on August 5 
and then planted with 16-week-old red and jack pine container 
stock showed good protection when compared to controls for 
seven days. However, after that time reinvasion of the area 
by grasshoppers started and within 25 days seedling losses in 
the treated area had equalled that of the controls (approximately 
80 per cent mortality). The second location was treated on 
August 14 and no feeding damage was recorded for 8 days. By 
this time the controls had suffered 65 per cent losses. 
Thereafter the treated area was reinvaded by grasshoppers, 
but cool, rainy weather prevailed and losses were kept to 
13 per cent. 

i. In insecticide tests by Canada Agriculture in the greenhouse, 
third- and fourth-instar nymphs were caged on red pine 
seedlings growing in soil in which 5 per cent granular 
carbofuran 5G (not registered for grasshoppers) had been 
incorporated at a rate equivalent to 3.6 lb. active ingredient 
per acre. Nearly 100 per cent of the nymphs were dead within 
5 days when exposed to the seedlings 72 hours after application 
of carbofuran. Mortality was maintained at near 100 per cent 
when third-, fourth- and fifth-instar nymphs were caged on 
seedlings 10, 15 and 23 days after application of the 
insecticide. 

j. Seedlings treated with a 1/2 of one per cent solution of 
dimethoate for 3 days and again 1 day prior to planting were 
tested in the field. It was found that the chemical was 
phytotoxic to the seedlings if not rinsed off the foliage 
after application. Although the test was carried out in 
mid-August when grasshopper feeding had started to decline, 
results showed no losses of the untreated seedlings while the 
controls suffered 15 per cent mortality from grasshoppers. 

Not included in Goals 1975-76: 

1. Excessive mortality (1974) was examined in a 3-year-old red pine 
plantation at Belair Forest Reserve in 1975. Examination in the 
field in the spring and summer of 1975 suggested that mortality 
was the results of poor initial planting (many trees had folded 
root systems) and drought conditions in 1974. The planting area 
is very exposed and is a dry site. 

2. The first draft of an information report "The management of trembling 
aspen in the Prairie Provinces", was prepared and is under review 
at present. 
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3. Initial preparations have been made in co-operation with Dr. Denyer, 
DOE, Technology Transfer, Ottawa, to hold a workshop on Dutch Elm 
Disease on March 3, 1976, in Winnipeg. 

4. Three contributions were made to the Forestry Report, Volume 4, #3. 
a. Scarification success-Northern Manitoba. 
b. Grasshoppers working out of their field. 
c. Scarification - not what you do but how you do it. 

5. In August of 1975 above-average mortality was noted in 2-0 red 
pine stock at the Pineland Nursery, Manitoba. It was apparent 
that mortality was distributed irregularly within the beds. 
Definite patches showing high mortality were distinguishable. 
Ocular observation of the seedlings showed no apparent cause of 
mortality. Soil and tree samples were sent to Edmonton, where 
analyses are underway. Tentative results indicate above-normal 
salt concentrations in the soil samples taken from beds with high 
mortality. 

14. Goals for 1976-77: 

1. Work on the aspen management demonstration area, planned for 1975, 
is rescheduled for 1976. On a portion of the cleared area, suckers 
will be thinned out to a spacing of about 3 m x 3 m. On part of 
this, ground vegetation will be cut back regularly and sucker 
regrowth will be cut back to maintain the initial spacing. Sub
sequent increment and form of the thinned suckers will be monitored 
to demonstrate the effect of increased growing space and control of 
ground vegetation on individual tree performance. 

2. Complete Information Report - '~anagement of Trembling Aspen in 
the Prairies". (Steneker) 

3. The report "Performance of Poplar Cultiw1rs in Manitoba" '\ViII be 
published as an Information Report. (Steneker) 

4. Modified scarification treatments in the Northern Region will be 
monitored. 

5. Laboratory and field data on the rodent repellent R-55 will be 
published either in combination with data from Sault Ste. Marie 
or on their own. (Steneker) 

6. Monitoring is anticipated of the bare root planting program in 
southeastern Manitoba, with specific attention to be paid to the 
condition of planting stock, site conditions of planting area and 
performance after planting. (Further details to be discussed 
with staff in Edmonton.) 

7. Complete publication "Economic feasibility of fertilizer applica
tion to jack pine and upland black spruce". (Nairn) 
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8. Complete report of broadcast seeding trials. (Nairn) 

9. Assess growth and survival of 1972. 197'~ ;lIld 1974 container 
planting trials and prepare progress report. (Nairn) 

10. Prepare information report on grasshopper investigations to 
date. (Nairn) 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Carlson, L. W. and L. D. Nairn. 1975. Pentachlorophenol and captan 
effects on containerized red and jack pine seedlings. Tree 
Planters' Notes Vol. 26, #1. p. 32-34. 

Steneker, G. A. and L. D. Nairn. 1975. Grasshoppers working out of 
their field. In: Forestry Report Vol. 4, #3. 

Steneker, G. A. 1975. Scarification success - Northern Manitoba. In: 
Forestry Report Vol. 4, #3. 

41L 

Steneker, G. A. 1975. Scarification - not what you do but how you do it. 
In: Forestry Report Vol. 4, #3. 

File Report 

Steneker, G. A. 1975. Aerial spraying with 2,4-D to eliminate trembling 
aspen. 

16. Signatures: 
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Investigator Director G. T • Silver 
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CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 29, 1976 

1. Project: Liaison and technical advisory services in forest management. 

2. Title: Liaison and technical advisory services in Saskatchewan. 

3. New: Cont.: X No.: NOR-17-113 

5. Study Leader: K. Froning and W. J. Ball 

6. Key Words: Contact, dissemination research, lectures, public relations, 
trials, demonstrations, shade tree maintenance. 

7. Location of Work: Saskatchewan 

8. Problem: 

The primary role of Prince Albert Sub-office is to establish and maintain 
strong lines of communication with various forest management agencies, to 
ensure that the results of departmental research are known and utilized, 
keeping well informed on forest management problems in the province, and 
to acquaint the regional director and program managers with forest 
management problems in Saskatchewan by advising on opportunities and 
priorities for research. It is necessary to maintain close contact 
with other federal departments, universities, technical schools and 
general public to promote CFS activities in the province. The execution 
and maintenance of various trials and demonstrations requiring less than 
0.2 professional man-year are also included in this study. 

9. Study Objectives: 

a. To provide advisory and consultative services in forest management 
to provincial and industrial forest managers and general public. 

b. To provide advisory and consultative services to federal, provincial 
and municipal park personnel in shade tree maintenance. 

c. To provide general liaison between provincial forestry agencies and 
staff members of Northern Forest Research Centre. 

d. To conduct and maintain various demonstrations which normally 
require less than 0.2 man-year professional input. 
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10. Resources: 

a. 
b. 
c. 
d. 
e. 
f) 

Starting date: 1970 
Estimated year of completion: Indefinite 
Estimated total Prof. man-years required: N/A 
Essential new major equipment items for 1976/77 
Essential new major equipment items beyond 1977 
1976-77 man-years Prof. 1.7 (Froning 1.0 

Supp. 2.7 (Bohning 1.0 
Casual 0.6 (Tkachuk 1.0 
Total 5.0 

with costs: Nil 
with costs: Nil 
Ball 0.7) 
Kolabinski 0.7) 

11. Progress to Date: 

Effective working relationship was established and maintained with 
federal, provincial and municipal governments and general public in 
the field of forest management and shade tree management. Special 
attention was given to universities and technical schools where lectures 
were presented on forestry and _park management problems. Liaison was 
provided between provincial and private forestry agencies and members 
of CFS personnel located in Edmonton and, as a result, several studies 
were initiated to improve the level of forest management in Saskatchewan. 
Several demonstrations, e.g., interprovincial forest fertilization trials, 
post planting maintenance of hybrid poplars and reforestation demonstra
tions requiring less than 0.2 man-year input are included in this study. 

12. Goals for 1975-76: 

1. To provide continuous advisory and consultative services in forest 
management to provincial and industrial forest managers and general 
public. 

a. To introduce sequential sampling to assist the Simpson Timber 
Company to evaluate the success of regeneration following cutting 
operations near Flin Flon. (1970: 200 acres; 1971: 1,000 acres). 

2. To provide advisory and consultative services to federal, provincial 
and municipal park personnel on shade tree maintenance in response 
to requests. 

3. To provide general liaison between provincial agencies and staff 
members of the Northern Forest Research Centre. 

4. To conduct and maintain various silvicultural demonstrations 
requiring less than 0.2 man-year professional input. 

a. To establish trial plots on Finn ploughed areas in the Chitek 
and Tobin Lake region to investigate the potential usefulness 
of that tool in the rehabilitation of high quality sites. 

b. Maintain and establish various nursery plots and trials and 
demonstrate the effectiveness of 'Roundup' herbicide for nursery 
or amenity plantation in co-operation with nursery management. 
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c. To test new herbicides 'KRENITE' and 'VELPAR' for effective
ness in brush control on high quality sites. 

d. To collect for propagation, material from exceptional aspen 
clones and superior black spruce stands, and to monitor 
performance of established triploid aspen plantations. 

e. To assess damage to various density classes of spruce follow
ing removal of aspen overstory through harvest, as a back
ground for a study proposal for 1976-77. 

13. Accomplishments in 1975-76: 

1. Advisory and consultative services were provided to provincial and 
industrial forest managers on reforestation, forest fertilization 
and other forest management topics, i.e., container growing 

4i~ 

programs discussed with Sask. Training School and Simpson Timber; 
forest fertilization discussions with Dept. of Northern Saskatchewan 
personnel; modifications of logging technique discussed with 
MacMillan Bloedel representatives; numerous other contacts. 

a. Regeneration surveying and sampling was carried out with 
Simpson Timber Company in operations near Flin Flon. (File 
report prepared.) 

2. Advisory and consultative services on shade tree maintenance were 
provided mostly to individuals from various agencies. Two one-hour 
lectures on the topic of shelterbelts and shade tree maintenance 
will be given in February at Saskatoon Technical School, K.l.A.A.S. 
to about 85 students. Also attended a three day shelterbelt 
workshop at Vermilion as representative of the Northern Forest 
Research Centre, and participated in a field day at the 
agricultural research station at Melfort. 

3. Numerous meetings were arranged with provincial and industrial 
forest managers for visiting CFS staff members from Edmonton. 
Arrangements were made for accommodations for visiting staff members 
in Prince Albert or at Candle Lake. 

4. a. Following the site treatment with a Finn plough, plots involving 
seeding and planting trials were established in an area near 
Chitek Lake. The trials will provide useful background informa
tion for a study on the rehabilitation of high quality spruce 
sites, and they will have a high demonstrational value. Early 
results from the Chitek Lake trial and those from a similar 
trial established in the Hudson Bay Region (Greenbush) a year 
prior, are being compiled for a file report. 

b. Various nursery plots and trials have been maintained or 
established. (Scots pine, Norway spruce provenance investigation; 
growing trial in plastic greenhouse at the Rehabilitation Centre). 
'Roundup' (glyphosate) herbicide has again been proven highly 
satisfactory in nursery and amenity plantations. 
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c. In search for most suitable site preparation methods for the 
rehabilitation of high quality but currently unproductive 
sites, 'Krenite' and 'Velpar', two,in eastern Canada, success
fully used brush control herbicides were applied in 4 
different areas of the mixedwood forest zone in Saskatchewan. 
Site selection was based primarily on species composition of 
the brush to be controlled. Results will be available in the 
spring of 1976. If successful, chemical site preparation 
will become an integral part of another major study in the 
field of site rehabilitation. 

d. Superior aspen clonal material was collected and propagated 
for future determination of chromosome number. Cones from 
superior white and black spruce stands in the Hudson Bay 
region were collected for use in container seedling develop
ment and program for that general area. The two triploid 
aspen plantations near Hudson Bay and Candle Lake were main
tained. Excellent survival and height growth promise good 
success. 

e. A damage assessment on spruce, following removal of aspen 
overstory through harvest was carried out, results were 
summarized in a file report. Additional data is being 
collected now. The work has resulted in additional work 
proposals and is supported by industry and provincial 
government alike. 

14. Goals for 1976-77: 

1. To provide continuous advisory and consultative services in forest 
management to provincial and industrial forest managers and 
general public. 

I 

2. To provide advisory and consultative services to federal, provincial 
and municipal park personnel in shade tree maintenance in response 
to requests. 

3. To provide general liaison between provincial agencies and staff 
members of Northern Forest Research Centre. 

4. To conduct and maintain various silvicultural demonstrations 
requiring less than 0.2 man-year professional input. 

a. To design, test, and prescribe an economically feasible logging 
method for minimizing damage to existing spruce understories 
of varying densities and heights in mature aspen stands. 

b. To conduct 5-year measurement for the Piprell Lake installation 
of the interprovincial forest fertilization trials (established 
in 1972). 
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c. To evaluate the Bracke cultivator and its suitability as a 
site preparation tool. 

d. To determine survival and stocking in research plots of a 
12-year-old study in the Carrot River area as background for 
discussions on the subject of stocking standards for 
Saskatchewan. 

e. To locate accessible high quality sites which are currently 
non-productive but which lend themselves to experiments and 
trials involving their rehabilitation. 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Ball, W. J. 1975. An appraisal of natural regeneration on scarified 
jack pine cutovers, Saskatchewan. Information Report NOR-X-136. 

Ball, W. J. 1975. A look at site treatment. For. Rept. (4)3:1. 

Bohning, R. A. 
For. Rept. 

1975. Surplus container stock? -
(4)3:8. 

Overwinter. 

Froning, K. 
species? 

1975. Ponderosa pine - a prairie home for a mountain 
For. Rept. (4)3:5. 

File Reports 

Froning, K. 1975 (December). Regeneration survey: Creighton. 

Kolabinski, V. S. 1975 (January). White spruce planting and seeding 

n I • -=t ! .... ~_ 

by CFS on Finn ploughed scarification Hudson Bay Region, Saskatchewan. 

16. 

Kolabinski, V. S. 1975 (December). An appraisal of logging damage to 
a white spruce understory in a mature aspen stand, Hudson Bay. 

Signatures: 

(C}7 , 
" I 

progr,4~ ~nager 

Director G. T. Silver 



NOR-17-1l8 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 29, 1976 

1. Project: Liaison and technical advisory services in forest management. 

2. Title: Liaison and technical advisory services in Alberta/Territories. 

3. New: Cont.: X 4. No.: NOR-17-118 

5. Study Leader: H. J. ~ohnson, 

6. Key Words: Silviculture, appraisals, demonstrations, photogrammetry, 
mensuration, insects, disease. 

7. Location of Work: Alberta and Northwest Territories 

8. Problem: 

The solution to many forest management problems in Alberta and the 
Northwest Territories do not require long term research. Often the 
answer lies in the application of existing knowledge. In some cases 
it is necessary for the Canadian Forestry Service to assist in putting 
dimensions on problems. By working closely with provincial and 
industrial forest management agencies in the determination of problems 
and recommending and testing promising forest management techniques it 
is possible to rapidly upgrade forestry practices in the region. This 
can be done by appraisal of existing practices, trials and demonstra
tions of various techniques, the preparation of practical reports and 
brochures, workshops, seminars and good contact. 

9. Study Objectives: 

To establish strong lines of communication with various forest manage
ment agencies, to ensure that the results of departmental research are 
known and utilized, and to advise the Program Management Committee on 
forest management problems. 
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10. Resources: 

;1. Start ing date: 1965 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 9.6 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man years Prof. 0.6 (H. J. Johnson) 

11. Progress to Date: 

SUppa 4.4 (Gorman 1.0 Rentz 1.0 

Casual 0.9 
Total 5.9 

G. Stevenson 1.0 Dendwick 1.0 
Walker 0.4) 

1. Established co-operative reforestation demonstrations of container 
planting, seeding and conventional planting for use by Alberta 
Forest Service and quota holders (Soos, Johnson). 

2. Establishment and maintenance of inter-provincial forest fertilizer 
trials in Slave Lake Forest (3 installations) (Soos, Johnson). 

3. Co-ordination and preparation of a literature review and inter
pretation of the effects of large-scale clearcutting in Alberta 
(Johnson, et al). 

4. Evaluation of reforestation practices in Alberta, Saskatchewan and 
Manitoba. Two Information Reports prepared (Froning, Johnson, 
Appraisal Crew). 

5. Co-ordination, preparation and presentation of technical lectures, 
workshops and seminars on forestry subjects - National Parks, 
provincial parks, technical schools, and University of Alberta 
(Stevenson). 

6. Silvicultural advisory services in Alberta and the Territories 
(Johnson, Stevenson). 

7. Assistance to several projects in collection of special survey 
data, compilation and preliminary analyses (Appraisal Crew). 

12. Goals for 1975-76: 

1. Provision of advisory services in silviculture (Johnson and Stevenson). 

2. Establishment of approximately 10 plots of 100 seedlings each in 
the 1975 Spencer-Lemaire plantings on NWP&P Co. Ltd. This will 
complete plot establishment to monitor these plantings. First
year survival and growth measurements will be made of plots 
established in 1974. 
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3. To assist W. D. Johnstone and I. E. Bella in studies to assess 
regeneration stocking standards, juvenile growth and the release 
of advance growth after logging. Approximately 8 man-months of 
the appraisal crew's time will be allocated to this study. 

4. Approximately 12 man-months will be spent by the appraisal crew 
in an assessment of the status of high-site forests in 
Saskatchewan. The study leader is J. Ball of the Prince Albert 
Sub-office. 

5. Approximately 4 man-months of the appraisal crew's time will 
be assigned to assisting Mr. G. Fahnestock in a survey of forest 
fuels in Jasper National Park. 

6. To prepare an Information Report on the five-year survival and 
growth results of the first styroplug seedlings to be planted 
in Alberta (Johnson & Walker). 

7. To conduct, co-ordinate and expedite a series of lectures, 
seminars and workshops on forestry subjects for clients such as 
Parks Canada, University of Alberta, Forestry Technical School, 
community colleges, provincial parks (Stevenson). 

Added Goals: 

8. At the request of the Saskatchewan Department of Tourism and 
Renewable Resources a background statement on the question of 
"leave strips" will be prepared (Stevenson). 

9. Assistance will be provided to the Director on special projects 
(Stevenson) . 

13. Accomplishments in 1975-76: 

1. Several advisory services in silviculture provided on request 
(Johnson, Stevenson). 

2. Ten plots of 100 Spencer-Lemaire seedlings were established on 
operation plantings of North Western Pulp and Power Ltd. This 
completes the establishment phase of this appraisal. Plots 
established in 1974 were remeasured for first-year survival and 
growth. 

3. Approximately 10 man-months of the appraisal crew's field time 
was spent assisting W. D. Johnstone and I. E. Bella in assessing 
regeneration stocking standards, juvenile growth and release of 
advance growth after logging in Alberta. Assistance is being 
provided in the compilation of field data. 

4. Approximately 12 man-months were spent by the appraisal crew in 
an assessment of high-sites in Saskatchewan to determine stocking 
status. 
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5. Approximately 4 man-months were spent by the appraisal crew in 
assisting G. Fahnestock in a survey of forest fuels in Jasper 
National Park. 

6. A draft report was submitted to NFRC review board. Comments 
have been received and the report is being revised. This short 
report will be submitted to the Forestry Chronicle, "Five-year 
field performance of pine and spruce styroplugs in Alberta". 

7. A number of lectures were co-ordinated and presented by Mr. 
Stevenson: 

a. A series of lecture-workshops on fire and pest problems in 
the National Parks was held in Kootenay and Glacier
Revelstoke Parks in April and May, 1975, (10 man-days). 

b. Technical lectures on forest management and land use were 
given to the faculties of Forestry and Geography - 2 lectures 
for each group. 

c. A brief statement on CFS early history was given at the 
official opening of the Provincial Forestry Museum at Hinton. 

8. A file report on leave strips was prepared by R. E. Stevenson 
at the request of Saskatchewan Department of Tourism and 
Renewable Resources. 

9. Assistance was provided to the Director on special projects 
(Stevenson) . 

14. Goals for 1976-77: 

1. Most assignments to the appraisal crew have been deferred pending 
budget allocation at NFRC. 

2. Appraisal crew will assist in photo-plot work required by J. Ball 
Study NOR-10-152. 

3. First year survival and growth of Spencer-Lemaire seedlings at 
NWP&P Co. Ltd. will be determined for 10 plots of 100 seedlings 
established in 1975. Third-year remeasurement of 10 plots 
established in 1973 will be conducted. A progress report will 
be prepared. 

4. To complete a publication for the Forestry Chronicle on the 
five-year survival and growth results of the first styroplug 
seedlings to be planted in Alberta. 

5. Assistance on special projects will be provided to the Director 
(Stevenson) • 

6. Co-ordination of forestry workshops and lectures to National 
Parks field personnel (Stevenson). 



15. Publications: 

Up to 1975-76 

Johnson, et al. 
in Alberta. 
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1971. Some implications of large scale clearcutting 
A literature review. Information Report NOR-X-6. 

Froning, K. 1972. An appraisal of recent plantations in forests of 
the prairie provinces. Information Report NOR-X-31. 

Johnson, H. J. 1973. An evaluation of scarification and direct 
seeding in Alberta. Information Report NOR-X-71. 

Walker, N. R. and H. J. Johnson. 1974. Field performance of pine 
and spruce reared in the BC/CFS styroblock-Alberta. Information 
Report NOR-X-84. 

Walker, N. R. and H. J. Johnson. 1975. Growth and regeneration 
response to various stand treatments in a mature lodgepole pine 
stand. Information Report NOR-X-137. 

1975-76 

Stevenson, R. E. Leave Strips: Good or Bad. NFRC File Report, 
November, 1975. 

Walker, N. R. Outplanting trials of the British Columbia Forest 
Service/Canadian Forestry Service Plugs and the Research Council 
of Alberta Sausage Containers. Progress Report NFRC, January, 1976. 

16. Signatures: 

, 
/_/_ " r . -

In~e~~igator Director G. T. Silver 



NOR-17-142 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 29, 1976 

1. Project: Liaison and technical advisory services in forest management. 

2. Title: Remote sensing and technical advisory services. 

3. New: X Cont. : 4. No.: NOR-17-142 

5. Study Leader: C. L. Kirby, P. I. Van Eck 

6. Key Words: Assessment, environment, forest regeneration, forest growth 
and yield, inventory, aerial photography, satellite imagery, 
interpretation. 

7. Location of Work: Alberta, Saskatchewa, Manitoba and Northwest Territories. 

8. Problem: 

Rapid developments in remote sensing and increased concern with the 
environment have increased the demand for baseline information. New 
sensors in aircrafts and satellites require development of applications, 
and education of users on new technology. 

9. Study Objectives: 

a. To apply new remote sensing techniques to forest inventories and 
environmental assessments in co-operation with industry, provincial 
and territorial governments. 

b. To educate users by conducting seminars, workshops and participating 
in training sessions. 

c. To provide aerial photography for EMS co-operative studies. 

d. To maintain a regional aerial photo and satellite image library. 

e. To co-ordinate remote sensing activities within NFRC through 
Project CFS-l and a remote sensing committee. 

f. To maintain image analysis laboratory and provide advisory services 
in interpretation. 
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7. To advise program management at Northern Forest Research Centre 
on appropriate development program for remote sensing. 

10. Resources: 

a. Starting date: 1973 
b. Estimated year of completion: Continuing 
c. Estimated total Prof. man-years required: 0.5 
d. Essential new major equipment items for 1976-77 with costs: 

Forestry Radar Altimeter complete with installation - $25,000 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.8 

Supp. 0.8 

11. Progress to Date: 

Casual 0.3 (photo librarian and field 
Total 1.9 assistance) 

1. Two 70 mm Vinten aerial cameras have been assembled into an efficient 
sampling system with an intervalometer built by NFRC that may be 
regulated so as to obtain continuous coverage of short bursts for 
sampling at a predetermined interval. With the two camera configura
tion it is possible to obtain aerial photography at two scales and/or 
with two films and filter combination in one pass. A motorized 
Nikon with "fisheye" (28 mm) lens is also used to obtain complete 
coverage so that the larger-scaled 70 mm photography may be 
accurately located on conventional maps and aerial photography. The 
system is unique with NFRC and is being used increasingly for 
sampling of timber volumes, forest regeneration, monitoring of oil 
spills, S02 damage and assessment of various environmental features 
for forest-land classification using satellite imagery. The system 
provides timely aerial photography that is specific to the application. 
As yet industry is not interested in servicing the numerous small 
requests handled by NFRC for research and development purposes. 

2. Aerial photography has been obtained for research workers in EMS 
for assessment of: timber volumes, forest regeneration, SO damage 
to vegetation, oil spill damage, insect and disease damage ~o 
forests, and develqpment of a multistaged inventory technique using 
satellite imagery. 

3. Small experimental forest inventories were completed at cost for: 
Ochise, Stony and Sunchild Indian Reserves, Birch Creek (NWT), 
timber inventory, Wilson Creek watershed (Manitoba). 

4. Served as member of the Alberta Remote Sensing Advisory Committee 
since 1973. 

5. Provided lectures to Alberta Remote Sensing training course University 
of Alberta and Canadian Institute of Forestry Section since 1973. 
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6. Published in three issues of NFRC Forestry Report. 

7. Maintained aerial photo library and ordering service. 

8. Advised EMS staff on remote sensing problems. 

9. Maintained image interpretation laboratory for use by EMS staff. 

10. Accompanied Messrs. D. Day and G. Wickware of Parks Canada to 
Ottawa to advise them on applications of satellite imagery for 
park management of Banff Park ~nd Wood Buffalo-Peace Athabasca 
delta. Images selected were interpreted from the computer 
compatible tapes in co-operation with Dr. Goodenough. 

11. An illustrated talk on the use of satellite imagery and aerial 
photography was given to park managers in Jasper. 

12. Goals for 1975-76: 

1. Publication of report in "Large-scale photo sampling of regeneration", 
in Forestry Chronicle. 

2. Co-operation with Parks Canada in providing assistance in developing 
inventory sampling designs and aerial photography for surveys in 
Prince Albert and Wood Buffalo National Parks. 

3. Co-operation with NFRC staff regarding aerial photography and 
sampling design assessment of forest conditions in Saskatchewan. 

4. Modification of Vinten Camera system to include two cameras and 
electronic clock to provide accurate air base. 

13. Accomplishments in 1975-76: 

1. Report on large-scale photo sampling of regeneration published in 
NFRC Forestry Report. Results of Saskatchewan work being compiled 
by J. Ball may be suitable for joint paper. The results were 
presented at a two-hour workshop with 30 Saskatchewan C.l.F. 
members for industry and government present. 

2. Aerial photography of high quality was obtained for Prince Albert 
and Wood Buffalo National Parks. 

3. Co-operated with NFRC staff regarding sampling design for assessment 
of cut-over in Saskatchewan. Ground and photo sampling in a double 
sampling with regression design proposed. Fifty flight line miles 
of 1:500 color photos on May 6 were obtained before aspen leaf-out. 
Ground conditions were inspected in July with Messrs. Ball and 
Johnson. 

4. Modification of Vinten Camera with digital clock not complete. A 
digital counter for automatically numbering photos and mechanical 
clock is nearly in place with provision to add radar altimeter readout. 
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S. Presented lecture on multistaged sampling for forest inventory and 
regeneration sampling in Alberta, Manitoba and Saskatchewan. 

6. Made proposal for doing Wood Buffalo National Park biophysical 
inventory as a multistaged inventory utilizing Landsat. 

14. Goals for 1976-77: 

1. To prepare and publish a summary paper of trials in Alberta, 
Saskatchewan and Manitoba using large-scale photography for sampling 
regeneration for Forestry Chronicle. 

2. To publish paper I~ultistaged Forest Inventory" after review process 
as an information report. Report will be presented to Subject 
Group S 6.0S Remote Sensing, at XVIth IUFRO Congress in Oslo, for 
inclusion in the proceedings. 

3. To obtain large-scale (1:500) aerial photography with radar altimeter 
for scale control according to prescribed sampling plan for a one 
million acre area centered around Hudson Bay, Saskatchewan. 

4. To present lectures to University of Alberta Forestry Faculty and 
extension service, and to Canadian Institute of Forestry Sections. 

5. To co-ordinate remote sensing activities within Northern Forest 
Research Centre by chairing a remote sensing committee and advising 
program management. 

6. To fulfill duties as chairman of the Canadian Institute of Forestry 
Working Group on Remote Sensing: by convening a meeting at the ClF 
1976 National Meeting at Thunder Bay; and by providing stimulation 
and direction through newsletters and articles in the Forestry 
Chronicle. 

7. To maintain image analysis laboratory and provide advisory services 
to users. 

15. Publications: 

Up to 1975-76 

Kirby, C. L. et al. 1973. Remote Sensing Forestry Report, NFRC For. 
Rep. Vol.~(3). 

Van Eck, P. I. 1974. Wilson Creek laboratory, Manitoba. File Report. 

Kirby, C. L. and P. I. Van Eck. 1975. A place for aerial photography 
in region surveys. For. Rep. Vol. 4(3). 
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16. Signatures: 

Director G. T. Silver 



PROJECT NOR - 20 

Public Awareness Program 



NOR-20-043 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 12, 1976 

1. Project: Public Awareness Program 

2. Title: Working plan, Kananaskis Forest Experiment Station 

3. New: Cont.: X 4. No.: NOR-20-043 

5. Study Leader: L. G. Brace 

6. Key Words: Management, development, subalpine, SAl' public awareness, 
land use. 

7. Location of Work: Kananaskis 

8. Problem: 

The Kananaskis Research Forest has in the past been exclusively managed 
to serve forest research needs. The development included the construction 
of essential roads, stand improvements by thinning and the gathering of 
inventory information for research and operational purposes. 

A management plan was initiated in 1967. The major objective of that 
plan was the diversification of age classes in the classical forest 
management concept. Shortly after beginning to implement the plan, 
it became necessary to abandon it. In view of changing demands by 
research personnel and public land managers and users, cutting patterns 
and cut block sizes were altered from the rigid strip system originally 
planned and more flexible planning and management procedures were adopted. 

Continuing study and revision will ensure that the management of the 
Kananaskis Research Forest will remain flexible. 

A demonstration of integrated land use could be one valuable current use 
of the property. If demonstrations are developed and carried out with 
some input from provincial agencies, they promise to be highly successful. 
Results may be taken by the Province and applied under similar conditions 
throughout the area of the East Slopes. National Parks managers and 
planners have expressed interest in demonstrations of integrated land 
use, and there is a good possibility that in the near future demonstrations 
provided under a management plan may be useful to parks managers. 
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Initial steps will involve re-examination of management philosophy and 
priorities and re-zoning of the Research Forest. Once these decisions 
have been made, detailed planning for each of these zones can proceed. 

9. Study Objectives: 

a. To maintain and improve the Research Forest to serve research needs 
and forest management demonstrations in the context of integrated 
land use. 

b. To accommodate and facilitate a public awareness program which will 
capitalize on the location, natural features, facilities and research 
and demonstration information at the Station, in order to promote 
public understanding of forest land and resources and management 
alternatives (NOR-971). 

10. Resources: 

a. Starting date: 1937 
b. Estimated year of completion: Continui~g 

c. Estimated total Prof. man-years required: 0.3 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.2 (H. Johnson) 

11. Progress to Date: 

Supp. 2.0 (Dixon and Michelson) 
Casual 0.8 (Groundsman, Cook, and Student) 
Total 3.0 

Following establishment of the station, research and forest management 
activities were conducted on various parts of the forest resulting in 
changes in composition and structure of some of the original stands. 
These operations affected about 1,000 acres with the largest portion 
in the categories of empirical thinning and selection cutting. There 
was no extensive clearcutting except for 100 acres of over-mature spruce
fir which were cut in a saw-log operation during 1951-53. These 
operations produced a considerable variety of products including fuel
wood, saw-timber, poles, piling, pulpwood, mine timbers, fence rails, 
posts, Christmas trees, and landing-strip markers. A limited road 
system was developed to service the operation. 

In 1936 a grid system of 836 sample plots was established on the Research 
Forest to provide growth and inventory information. These plots were 
remeasured in 1946 and again in 1961. 

In 1966 the terms of reference for the operational organization of the 
Kananaskis Research Forest were set out in Internal Report A-4; 18 
miles of primary road system were surveyed with transit and mapped 
to provide horizontal control for aerial photo mapping and for 
operational ground mapping; the location of compartment boundaries was 
completed on the ground with the cutting of 80 chains of line to a 
6-foot width. 
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In 1967 the management plan for the Kananaskis Research Forest was set 
out in Internal Report A-10. All strips designated for cutting in the 
first 10 years under the management plan were located and marked on the 
ground (1,200 acres), and logging operations commenced in 1968. The 
engagement of small operators resulted in undercutting and need for 
clean-up work. 

Acceleration of the logging program combined with greatly improved 
logging standards was achieved in 1970. Along with intensified logging, 
a regeneration program was launched which is considered successful in 
reforesting all cutovers immediately. Scarification and hand planting 
of container grown "plug" seedlings were the primary techniques used. 
Some 40,000 seedlings were planted on different sites and a provenance 
trial with over 2,000 seedlings of Scots pine and Norway spruce from 
22 Scandinavian sources was established on a 5-acre cut block. 

No new research or demonstration initiative was undertaken in 1974. 
All facility development for the Public Awareness Program was 
completed and the 1975 opening occurred on schedule. 

12. Goals for 1975-76: 

1. Continue to maintain and operate the Station on a regular basis 
according to plans. This will include: 

a) organization of fire stores in G. P. hut. 

b) grade and repair fire access roads as budget allows. 

c) do building maintenance and repair, particularly external 
painting and re-finishing as budget allows. 

d) install 14 access control gates. 

e) install 3 large property identification signs to be 
produced by Information Canada. 

2. Scarify 11.4 acres of landings on logged areas and plant with 25,000 
seedlings. 

3. Plan rehabilitation of 7.5 acres of denuded ground, mainly in 
vicinity of sewage lagoons. 

4. Provide necessary support for Public Awareness Program, including 
construction and landscaping assistance in Visitors' Centre and 
bridge area. 

5. Prepare background information for silvicultural operations as 
part of an annual operating plan. 
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13. Accomplishments in 1975-76: 

1. a) Fire stores were completely reorganized and the new addition 
to the G. P. hut completed. 

b) Access roads were kept passable by 4-wheel-drive and water 
tanker but budget limitations prevented grading and road 
repair. 

c) Building maintenance was restricted to re-oiling of the exteriors 
of buildings 17 and 18 because of budget restraints. 

d) 14 access control gates were installed. 

e) 4 large property identification signs were installed - one 
at each boundary on the main highway, one at the headquarters 
entrance, and one at the main parking lot. 

2. Landings were sc&rified with shark-finned barrels and planted with 
lodgepole pine grown in the NFRC Edmonton greenhouses. A total of 
11.4 acres of landings were treated and additional planting was 
done on "jail" areas in the cut-blocks. A total of 18,000 trees 
were plan\:ed. 

3. Rehabilitation was planned on 7.5 acres)and 3.3 acres at the sewage 
lagoon site were scarified, seeded to a mixture of annual and 
perennial grasses, and irrigated using sewage effluent. Seedlings 
germinated, then died. Subsequent soil analyses indicated high 
sodium levels at the soil surface, critical EC levels (3.94 and 3.39) 
and high SAR values (13.2 and 15.0), which make establishment of 
vegetation (without special amelioration) very difficult. 

4. The public awareness program was supported (construction, land
scaping, cleanup, meals) and the program operated successfully. 

5. Not achieved due to lack of manpower. 

14. Goals for 1976-77: 

1. Continue operation and maintenance of the Station at the same 
general level as 1975-76, emphasizing: 

a) grading and repair of fire access roads. 

b) Salvage of blowdown from severe winds of 1975. 

c) repair and maintenance of buildings. 

d) establishment of a forest management tour featuring 
reforestation. 
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2. Reseed lagoon area with added fertilization as well as irrigation 
(in co-operation with Alberta Environment). The site may require 
6 inches of top soil or the incorporation of organic matter in the 
upper foot of soil. 

3. Continue planting of lodgepole pine in ail areas on cut blocks. 
Planting may involve as many as 15 - 20,000 seedlings. 

4. Provide supervision as well as grounds maintenance for the public 
awareness program during the summer of 1976. 

Administrative and supervisory responsibility for NOR-043 will be 
phased out by April 1, 1976 - for Brace. 

15. Publications: 

Up to 1975-76 

Krewaz, J. 1966. The operational organization of the Kananaskis 
Research Forest. Internal Report A-4. 

Krewaz, J. 1967. Management Plan Kananaskis Research Forest. 
Internal Report A-I0. 

Brace, L. G. and K. Froning. 1974. Management guidelines, Kananaskis 
Forest Experiment Station. 'File Report. 

1975-76 

Nil 

16. Signatures: 

Investigator pr~~ Manager 

Director G. T. Silver 



NOR-20-149 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

--------------------------------------------------------------------------
Resp0'1sibLlity Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 12, 1976 

1. froject: Public Awareness Program 

2. Title: P'.lblic Awareness Program, Kananaskis Forest Experiment Station. 

3. New: X Cont. : 4. No.: NOR-20-149 

5. Study Leader: L. G. Brace 

6. Key Works: Public awareness, information, demonstrations, visitors' 
centre, self-guiding trails, integrated resource use. 

7. Location of Work: Kananaskis 

8. Problem: 

The general public, and many leaders in government, industry and 
education lack basic knowledge about Canada's natural resources and 
the social, economic and environmental consequences of different 
resource exploitation and development alternatives. The result is 
often ill-conceived and unsound natural resource policies, allocation 
decisions and management practices, leading to environmental degradation. 

The opportunity for improving natural resource policies, resource 
allocation decisions and management practices through a public aware
ness program would appear to be particularly great in the Region, where 
many previously untouched natural resources are being rapidly exploited 
and "developed". 

9. Study Objectives: 

a. Assess and revise management policies, priorities and land zoning 
at the Kananaskis Forest Experiment Station, and prepare a new 
management plan in co-operation with Mr. K. Froning (NOR-043). 

b. Initiate a modest public awareness program at KFES within the 
context of the new management plan, using self-guiding trails in 
the initial phase. The primary objective of this program is to 
promote public understanding of forest land resources and the 
consequences of alternative resource management policies. Open 
facilities in July, 1975. 
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c. Enlarge the public awareness program in the future to go beyond 
self-guiding trails and include seminars and formal courses, 
supported by audio-visual facilities, lectures and field tours. 

d. Encourage the development of and participate in research projects 
related to integrated resource use, public information, and 
environmental impact of public use of forest land. This includes 
co-operative work with the University of Calgary, Environmental 
Sciences Centre. 

10. Resources: 

a. 
b. 
c. 
d. 
e. 
f. 

Starting date: August 1, 1973 
Estimated year of completion: Continuing 
Estimated total Prof. man-years required: 0.8 
Essential new major equipment items for 1976-77 with costs: 
Essential new major equipment items beyond 1977 with costs: 
1976-77 man-years Prof. 0.2 (L. Brace) 

Supp. 0.6 (H. Stewart) 
Casual (Groundsman from NOR-043) 
Total 0.8 

Nil 
Nil 

SR Contracts: Contract to operate Visitors' Centre $10,200 

11. Progress to Date: 

~j -,' 

In general the study is progressing on schedule. The opening of facilities 
to the public proceeded on schedule, and the first season of operation was 
successfully completed. 

12. Goals for 1975-76: 

1. Open and operate the public awareness program as scheduled. 

2. Complete preliminary surveys of the interpretive potential of the 
Lusk Creek site for a further stage of the program. 

3. Measure visitor response to the self-guiding interpretive trail 
program and Visitors' Centre displays at Kananaskis, using traffic 
counts and questionnaire techniques l

, and prepare a report. 

Using questionnaires designed for Petawawa Forest Experiment Station 
as guidelines. 
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4. Assess durability of trail and signs using permanent l:amera points 
and descr lptive notcB and pn'pare ;1 report which Inc ludPB all da ta 
(or fac il It ll'B (TechnJ<[llt· dC}lCrllwd :Ln: Magi II, A. R. and R. II. 
Twiss. 1965. A guide [or recording aesthetJc bl010gJ(' changes 
with photography. PSW F. R. Expt. Sta. Res. Note 77.) 

4 ' · . !. ~. 
.,t. 

5. Act as federal representative on a provincial committee - the 
Interdepartmental Committee on Environmental Education - August 1975+. 

13. Accomplishments in 1975-76 

1. Achieved. The program was opened and operated under contract 
(Dept. of Forest Science, University of Alberta) from June 16 
through September 1, 1975. An official opening was held July 25, 
1975. A total of 3089 visitors came through the program in the 
summer, an average of 45 per day. 

2. Achieved. The survey included identification of 27 points of 
interest for interpretation along a preliminary route which 
follows the creek valley up to the waterfall about 2 miles from 
the highway. The survey included photographs and background 
research on archaeology and more recent human use of the area, 
as well as plans for a Visitors' Centre and parking lot. 

3. Data gathering and analyses are complete and a draft report has 
been written and submitted for review as an information report. 

4. Trail wear was monitored and found insignificant at the 1975 level 
of use, with the exception of limited parts of the natural surface 
trail. This is covered in the report in (3) above. 

5. Acted on Environmental Education Committee (Areas and Facilities) 
from August 1975 to date. Main activities were preparation of 
report on federal areas and facilities in Alberta currently in 
use for environmental education, and work on questionnaires to be 
sent out to school boards and other groups to obtain further 
information on the demand for environmental education facilities. 

14. Goals for 1976-77: 

1. Continue to operate the Resource Management Trail. Continue 
responsibility for planning and consultation on the public 
awareness program. 

2. Complete initial planning and interpretation strategy for the 
proposed Lusk Creek Trail. 
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15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Nil (except draft report entitled "The Public Awareness Program at 
Kananaskis". 20 pp. Proposed as an Information Report or a 
Journal article. 

16. Signatures: 

; / 

c""'- ·7' 
Investigator 

( f , .' -~ J 

Prog;~ Manager 
t \J ( 

Director G. T. Silver 

lj'l L 
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Scientific, technical and public information 



NOR-21-145 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 12, 1976 

1. Project: Scientific, technical and public information. 

2. Title: Technical information. 

3. New: Cont.: X 4. No.: NOR-21-145 

5. Study Leader: R. M. Waldron 

6. Key Words: displays, seminars, workshops, audio-visual, resource 
managers, industrial managers. 

7. Location of Work: Region wide 

8. Problem: 

The problem of communicating the results of research and development 
programs to the forest resource and industrial managers has been 
well documented in recent issues of professional and trade journals 
and in reports issued by the Science Council of Canada and by the 
Senate Committee on Science Policy. A recent study of CFS publications 
led a task force of the Department's Management Consulting Service 
to recommend and, at a recently held meeting, the CFS Program Committee 
to conclude, that there is a real need to undertake the production of 
technically oriented publications specifically aimed at forest resource 
and industrial managers. Part of the evidence which led to the above 
conclusion was the fact that of a total of approximately 600 articles 
published annually by the CFS, 80% are written for our scientific 
audiences and only 20% for our technical audiences; this allocation 
is based on definitions of our four principal audiences as contained 
in a policy statement prepared by Dr. N. L. Prebble on October 11, 
1970. The need to increase our use of other forms of communications 
such as seminars, workshops, and audio-visual presentations is also 
recognized. It is anticipated that with more frequent and more 
effective use of these media the NFRC can enhance its probability of 
successfully communicating the results of our R&D programme to 
clients and client agencies. 
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The information program has been divided into scientific, technical 
and rublic headed up by the scientific editor, project leader and 
information officer respectively. Three study statements have been 
prepared and outline the program for 1976-77. 

9. Study Objectives: 

To initiate, develop and implement, with the co-operation and active 
participation of the research staff, a technical information program 
designed to encourage the application of research findings by forest 
resource and industrial managers. 

10. Resources: 

a. Starting date: 1973 
b. Estimated year of completion: continuing 
c. Estimated total Prof. man-years required: 1.0 annually 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 1.0 (R. Waldron) 

Supp. 
Casual 
Total 1.0 

11. Progress to Date: 

Four technical publications and four Forestry Reports specifically 
prepared for our technical audiences have been published. An 
audio-visual on the Marmot Creek Watershed research program was 
prepared and shown to a number of technical and public audiences. 

12. Goals for 1975-76: 

1. Prepare reports specifically designed to serve our technical 
audiences. The following will be prepared in 1975-76: 

Forest tent caterpillar - V. Hildahl 

Management of aspen - G. A. Steneker or 
Management of jack pine - T. E. Bella 

Trees and Forests of Jasper National Park - R. E. Stevenson 

Watershed Management guidelines for logging and road 
construction (A-X-42) - R. L. Rothwell 
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2. Issue 3-4 Forestry Reports covering appropriate programs at 
N.F.R.C. 

3. Carry out a survey of technical client response to the Forestry 
Report. 

4. Arrange, as appropriate, to hold a number of seminars or work
shops of interest and value to our technical clientele in areas 
of mutual interest. 

5. In conjunction with our Information Officer and the Public 
Awareness Program, complete the audio-visual program on Marmot 
Creek Basin and begin the preparation of a presentation covering 
ALL N.F.R.C. forestry programs within the region. 

6. Work on the Calgary-Regina Ecotour. 

7. Contribute to the Public Awareness Program. 

8. Prepare tree brochure on lodgepole pine (Waldron). 

9. Chair report review committees and participate as a 
manuscript reviewer. 

13. Accomplishments in 1975-76: 

1. Forest tent caterpillar by V. Hildahl and A. E. Campbell 
was prepared and published (Information Report NOR-X-135). 
Manitoba Dept. of Agriculture purchased 3000 additional 
copies for distribution. 

Management of aspen by G. A. Steneker is being prepared. 
A second draft has been submitted to provincial foresters in 
the three prairie provinces for comment. 

Trees and Forests of Jasper National Park is near completion 
and is currently undergoing detailed review. It should be 
completed by the end of June (Stevenson). 

R. Rothwell submitted his revised version of "Watershed 
Management Guidelines for Logging and Road Construction" in 
July. As yet I have not had time to work on it. 

2. Three issues of Forestry Report were prepared and circulated. 
Titles were "Environmental stress in the forest", "Silviculture" 
and "Fire" (Hill). 
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3. The survey of technical client response to the Forestry 
Report was not carried out. Demand for the Forestry Report 
is increasing and a number of letters received indicate 
satisfaction with the contents. 

4. As in the previous years there was no particular need for the 
information group to get involved in the organization of 
technical workshops or seminars. Research staff, have to date, 
organized the necessary get-togethers with forest and other 
land managers. 

5. The audio-visual program on the l~rmot Creek Basin was prepared. 
Efforts are underway to have the program transfer to 16 mm 
because of the universality of this media. An initial start 
was made on an audio-visual which will provide an overview of 
NFRC research and development programs for both technical and 
public audiences (Waldron, Hill). 

6. The Calgary-Regina Ecotour is nearing completion. The text 
is currently undergoing detailed review, all graphic and 
illustrative material is on hand. Ottawa has set aside 
$30,000 for its publication in the spring of 1977. 

7. No specific contributions were made to the Public Awareness 
Program in 1975-76. 

8. Ottawa advised that there was uncertainty with respect to the 
tree brochure series and advised against the preparation of any 
manuscripts at this time. 

9. During 1975-76 at least one quarter of my time was spent reviewing 
other people's manuscripts. This is in addition to Hildahl' s 
tent caterpillar, Steneker's Management of aspen and Peterson's 
Calgary-Regina Ecotour. Papers included Johnstone's Yield of 
Lodgepole Pine, Steneker's Poplar cultivars, Johnson's Styroblock, 
Stevenson's Trees and Forests of Jasper, Dendwick's Bibliography 
of NFRC publications, 7 Pest Leaflets and others. 

14. Goals for 1976-77: 

1. Complete and publish the following: 

Silvicultural management of trembling aspen - Steneker (Inf. Rep.) 

Trees and Forests of Jasper National Park - Stevenson (Brochure) 

Watershed Management Guidelines ..•. - Rothwell (Departmental) 
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2. Issue 2-3 Forestry Reports, one specifically designed to 
describe the R&D program at NFRC for technical and public 
audiences (Hill). 

3. Complete Calgary-Regina Ecotour, brochure to be paid for by 
Ottawa. 

4. Initiate work on the Regina-Winnipeg Ecotour, contract for background 
information only. Ottawa funding of $6000. 

15. Publications: 

Up to 1975-76 

Anon. 1975. Poplars in the pralrle provinces. Environment Canada, 
Can. For. Serv., Northern Forest Research Centre, Edmonton, 
Alberta. Forestry Report 4(1). 

Cerezke, H. F. 1975. White-spotted sawyer beetle in logs. Environment 
Canada, Can. For. Serv., Northern Forest Research Centre, 
Edmonton, Alberta. Inf. Rep. NOR-X-129. 

Hildahl, V. and L. O. T. Peterson. 1975. Fall and spring cankerworms. 
Environment Canada, Can. For. Serv., Northern Forest Research 
Centre, Edmonton, Alberta. Inf. Rep. NOR-X-I00. 

Robins, J. K. and J. P. Susut. 1975. Red belt in Alberta. Environment 
Canada, Can. For. Serv., Northern Forest Research Centre, 
Edmonton, Alberta. Inf. Rep. NOR-X-99. 

1975-76 

Anon. 1975. Environmental stress in the forest. Environment Canada, 
Can. For. Serv., Northern Forest Research Centre, Edmonton, 
Alberta. Forestry Report 4(2). 

Anon. 1975. Silviculture. Environment Canada, Can. For. Serv., 
Northern Forest Research Centre, Edmonton, Alberta. Forestry 
Report 4(3). 
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Anon. 1975. Fire. Environment Canada, Can. For. Serv., Northern 
Forest Research Centre, Edmonton, Alberta. Forestry 
Report 4(4). 

Hildahl, V. and A. E. Campbell. 1975. Forest tent caterpillar. 
Environment Canada, Can. For. Serv., Northern Forest 
Research Centre, Edmonton, Alberta. Inf. Rep. NOR-X-135. 

16. Signatures: 

/~Z~J--------
Investigator Program Manager 

Director G. T. Silver 



NOR-21-146 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 12, 1976 

1. Project: Scientific, technical and public information. 

2. Title: Scientific information. 

3. New: Cont.: X 4. No.: NOR-21-146 

5. Study Leader: P. Logan 

6. Key Words: journal articles, information reports, editing 

7. Location of Work: Region-wide 

8. Problem: 

This is an editing service designed to assist the scientist in the 
preparation of publications. 

9. Study Objectives: 

To assist, principally by providing editorial services, the research 
staff in the preparation and dissemination of scientific information 
through the media of journals and information reports. 

10. Resources: 

a. Starting date: 1974 
b. Estimated year of completion: continuing 
c. Estimated total Prof. man-years required: Nil 
d. Essential new major equipment items for 1976-77 with costs: 

Rental typewriter $3500 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 

Supp. 1. 0 
Casual 
Total 1.0 
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11. Progress to Date: 

Twenty-one information reports and 34 journal articles were 
published or in press up to February 12, 1976. In addition 15 
articles have been submitted to journals and are in various stages 
of review and revision. 

12. Goals for 1975-76: 

To assist the research staff, through the prOV1Sl0n of editing 
services, in the preparation and publication of approximately 50 
information reports and an equal number of journal articles. 

13. Accomplishments in 1975-76: 

Assisted staff in the publication of 21 information reports, 34 
journal articles and 7 pest leaflets. A list of reports, articles 
and leaflets published in 1975-76 is appended. 

14. Goals for 1976-77: 

15. 

16. 

To assist the research staff, through the prOV1Sl0n of editing 
services, in the preparation and publication of approximately 25 
information reports and 35 journal articles. 

Publications: 

Up to 1975-76 

N/A 

1975-76 

N/A 

SiBnatures: 

(iIL/ 

Program Manager 

. 
ifIJ;iA.i.i;; 

Director G. T. Silver 



INFORMATION REPORTS APRIL 1/75-FEBRUARY 12/76 

Ball, W. J. 1975. An appraisal of natural regeneration on scarified 
jack pine cutovers, Saskatchewan. NOR-X-136. 

Capel, R. E. and A. G. Teskey. 1976. Recreational value of the forest 
in southeastern Manitoba. NOR-X-148. (In Press) 

Cerezke, H. F. 1975. White-spotted sawyer beetle in logs. NOR-X-129. 

Chrosciewicz, Z. 1975. Correlation between wind speeds at two different 
heights within a large forest clearing in central Saskatchewan. 
NOR-X-141. 

Dendwick, F. M., G. R. Stevenson, C. L. Rentz, and J. R. Gorman. 1976. 
Forest research bibliography, 1968-1975. NOR-X-152. (In Press) 

Hildahl, V. and A. E. Campbell. 1975. Forest tent caterpillar in the 
prairie provinces. NOR-X-135. 

Grigel, J. E., R. G. Newstead, and R. J. Lieskovsky. 1975. A review of 
retardant delivery systems used in fixed-wing airtankers. 
NOR-X-134. 

Hocking, D. 1975. Effects on the forest of sulphur dioxide from a 
sulphur fire near Edson, Alberta. NOR-X-139. 

Kirby, C. L. 1975. Site index equations for lodgepole pine and white 
spruce in Alberta. NOR-X-142. (In Press) 

Kojima, S. and J. R. Dyck. 1975. Checklist of vascular plants in the 
herbarium of the Northern Forest Research Centre (CAFB). 
NOR-X-144. 

Lesko, G. L., H. M. Etter, and T. M. Dillon. 1975. Species selection, 
seedling establishment and early growth on coal mine spoils 
at Luscar, Alberta. NOR-X-117. 

MacIver, D. C., W. D. Holland, and J. M. Powell. 1975. An evaluation 
of mobile thermo dewpoint recording in the Spring Creek basin, 
Alberta. NOR-X-52. 

Niederleitner, J. 1976. Detecting holdover fires with the AGA Thermovision 
750 infrared scanner. NOR-X-151. (In Press) 



Niederleitner, J. and P. Bihuniak. 1976. A heavy-duty 12-volt DC power 
pack to operate airborne remote sensing systems. NOR-X-147. 
(In Press) 

Powell, J. M. and D. C. MacIver. 1976. Summer climate of the Hinton-Edson 
area, west-central Alberta, 1961-1970. NOR-X-149. (In Press) 

Powell, J. M., T. S. Sadler, and M. Powell. 1975. Birds of the 
Kananaskis Forest Experiment Station and surrounding area: 
An annotated checklist. NOR-X-133. 

Teskey, A. G. and J. H. Smyth. 1975. The economic importance of sawmilling 
and other primary wood-using industries in Alberta, 1972. 
NOR-X-145. (In Press) 

Teskey, A. G. and J. H. Smyth. 1975. Employment, incomes, products, 
costs in Manitoba's primary wood-using industry, 1972. 
NOR-X-138. (In Press) 

Teskey, A. G. and J. H, Smyth. 1975. Saskatchewan's forest industry 
and its economic importance. NOR-X-140. (In Press) 

Waldron, R. M. and J. R. Dyck. 1975. Trees and shrubs on residential 
lots in Edmonton, 1973. NOR-X-143. 

and 

Walker, N. R. and H. J. Johnson. 1975. Growth and regeneration response 
to various stand treatments in a mature lodgepole pine stand. 
NOR-X-137. 

JOURNAL ARTICLES APRIL 1/75-FEBRUARY (2/76 

Carlson, L. W. and R. F. Huber. 1975. Jack pine storage molds. In 
Fungicide-nematicide tests. Results of 1974. Am. Phytopath. 
Soc. 30:236. 

Chrosciewicz, Z. Controlled burning for black spruce regeneration on a 
lowland cutover site in southeastern Manitoba. Can. J. For. 
Res. (In Press) 

Drouin, J. A. and D. S. Kusch. 1975a. Leaf spots of poplar. In 
Fungicide-nematicide tests. Results of 1974. Am. Phytopath. 
Soc. 30:127. 



Drouin, J. A. and D. S. Kusch. 
Field efficacy tests. 
Comm. Pest. Use Agric. 
lnf. Office. Ottawa. 

1975b. Ornamental and greenhouse insects. 
In Pesticide Research Report 1974. Can. 
Can., Res. Progr. Servo Sect., Pest. Tech. 
pp. 12-35. 

Drouin, J. A. and D. S. Kusch. 1975c. Chemical control of the spruce 
needle miner in Alberta. Environ. Can., Can. For. Servo 
Bi-mon. Res. Notes 31:18-19. 

Drouin, J. A. and H. R. Wong. 1975. Biology, damage, and chemical control 
of the poplar borer (Sap erda calcarata) in the junction of the 
root and stem of balsam poplar in western Canada. Can. J. 
For. Res. 5:433-439. 

Fahnestock, G. R. Fire, fuels, and flora as factors in wilderness 
management: The Paysayten case. Proc. Tall Timbers Conf. 
Ecol. Anim. Control Habitat Manage. (In Press) 

Hiratsuka, Y. 1975. Recent controversies on the terminology of rust 
fungi. Rep. Tottori Mycol. lnst. (Japan). 12:99-104. 

Hiratsuka, Y. and P. J. Maruyama. Castilleja miniata~ a new alternate 
host of Cronartium ribicola. Plant Dis. Rep. (In Press) 

Hocking, D. and D. L. Mitchell. 1975. The influences of rooting 
volume-seedling espacement and substratum density on greenhouse 
growth of lodgepole pine, white spruce, and Douglas fir grown 
in extruded peat cylinders. Can. J. For. Res. 5:440-451. 

lves, W. G. H. The dynamics of larch sawfly populations. Can. Entomol. 
(In Press) 

lves, W. G. H. A note on trends in populations of Semiothisa sexmaculata 
(Lepidoptera:geometridae). Can. Entomol. (In Press - July 1976). 

Johnstone, W. D. 1975. Variable stand density yield of natural lodgepole 
pine stands in Alberta. In Manage. Lodgepole Pine Ecosystems, 
Symp. Proc., ed. David M. Baumgartner. Wash. St. Univ. Coop. 
Extension Serv., Pullman, Wash. pp. 186-207. 

Johnstone, W. D. Variable-density yield tables for natural stands of 
lodgepole pine in Alberta. Environ. Can. For. Tech. Rep. 
(In Press) 



Malhotra, S. S. Sulphur dioxide and pine needle ultrastructure. New 
Phytol. (In Press - March 1976) 

Malhotra, S. S. and D. Hocking. Biochemical and cytological effects of 
S02 on plant metabolism. Ne,,, Phytol. (In Press March 1976) 

Muir, J. A. 1975. Photosynthesis of dwarf mistletoe seeds. Environ. 
Can., Can. For. Servo Bi-mon. Res. Notes 31:17. 

Powell, J. M. 1975a. Arthropod taxa common to Cronartium comandrae 
cankers and the forest litter layer. Environ. Can., Can. For. 
Servo Bi-mon. Res. Notes 31:23. 

Powell, J. M. 1975b. A new climatic classification for the forested 
areas of the prairie provinces. Can. Assoc. Geogr., May 26-30, 
1975, Vancouver, B.C. Dep. Georg., Simon Fraser Univ., 
Burnaby, B.C. pp. 63-64. 

R 
Powell, J. M. 1975c. Use of Gramoxene to control growth of mosses and 

liverworts on greenhouse pots. Environ. Can., Can. For. Servo 
Bi-mon. Res. Notes 31:35. 
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NOR-21-147 

CANADIAN FORESTRY SERVICE 

STUDY STATMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 12, 1976 

1. Project: Scientific, technical and public information. 

2. Title: Public information. 

3. New: X Cont. : 4. No.: NOR-21-147 

5. Study Leader: B. R. Hill 

6. Key Words: pest leaflets, news releases, radio, television and 
displays. 

7. Location of Work: Region wide 

8. Problem: 

The general public and special interest groups (i.e., Fish and 
Game Association, Boy Scouts, Naturalists, etc.) are not fully or 
correctly informed about the forest, forestry, land management, 
related resource and amenity uses nor the Research and Development 
program of the Northern Forest Research Centre. There is some 
urgency in keeping the public better informed, particularly in 
those areas of open conflict such as (1) the allocation of forest 
land for consumptive and non-consumptive uses and (2) the effects 
of current forest management practices and forest products manu
facturing on environmental quality. In addition the R&D programs 
of the CFS and in particular of the NFRC have yielded information 
of interest or use by the general public such as (1) the control of 
tree and shrub pests, (2) techniques for preserving fence posts and 
(3) ecological interpretations of forest landscapes. It is 
essential that this type of information be readily available to the 
general public. 
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9. Study Objectives: 

To initiate, develop and implement an information program designed 
to inform the public about CFS research and development programs, 
about forestry and forests as they relate to the economics and 
social well-being of Canadians and to encourage the application of 
R&D findings by the public sector. 

10. Resources: 

a. Starting date: 1974 
b. Estimated year of completion: continuing 
c. Estimated total Prof. man-years required: 0 
d. Essential new major equipment items for 1976-77 with costs: 

2 projectors $2000 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 

Supp. 1.0 (B.R. Hill) 
Casual 0.3 
Total 1. 3 

11. Progress to Date: 

Seven tree pest leaflets have been prepared and the popular publica
tion "Tree pests of the prairies" reissued on an annual basis. A 
series of in-house seminars were organized, media releases prepared, 
in-house tours and career days held. 

12. Goals for 1975-76: 

1. Continue the preparation of articles for release in the Pest 
Leaflet series. Titles of publications to be published during 
1975-76 are: 

Lilac leaf roller - Wilkinson 

Yellow headed spruce sawfly - Kusch 

Dutch elm disease - Hildahl 

Yellow bellied sapsucker - Hildahl 

Spruce spider mite 

2. Reprint N. W. Wilkinson's "Tree pests of the prairies". 
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3. Prepare news releases, newspaper articles, TV and radio 
announcements, arrange for participation on local "talk shows" 
etc. as appropriate. 

4. Participate or organize in-house tours by students, participate 
in career days, give lectures or talks to public audiences 
including Rotary Club, etc. as appropriate. 

5. Organize in-house seminars and prepare staff newsletter as two 
means of improving internal communication and developing an 
'esprit de corp'. 

6. Assist in the preparation of an audio-visual program on the 
entire N.F.R.C. Research and Development program. 

7. Distribute publications prepared by N.F.R.C. and Otta~'la as 
required and including maintenance of mailing lists, inventory 
and distribu~ion records. 

13. Accomplishments in 1975-76: 

1. Five tree pest leaflets were prepared and published: 

What's wrong with my tree - Denyer 

Yellow-headed spruce sawfly - Kusch 

To spray or not to spray - Drouin 

Yellow-bellied sapsucker - Hildahl 

Composting - Denyer 

Still under preparation are: 

Lilac leaf roller - Kusch 

Dutch elm disease - Kondo (GLFRC) 

Spruce spider mite - Tidsbury (Waldron, Logan, 
Drouin, Petty) 

2. Wilkinson's "Tree pests of the prairies" was reissued for 
1976. 
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3. Approximately 10 news releases were prepared during the 
past year. Subjects included: the appointment of Dr. MacPherson, 
clearcutting and watersheds (Swanson), fire (Fahnestock), 
opening Public Awareness Program KFES (Brace), forest tent 
caterpillar (Muldrew) and Remote Sensing Convention in Edmonton 
(Kirby). A twenty minute program on KFES was shown in Edmonton 
on TV station lTV as part of the government's"Access Alberta" 
program. 

4. Approximately 1000 individuals participated in 28 in-house 
tours during 1975-76 - about the same as last year. Visitors 
included Cubs, Scouts, university, college and elementary students. 
Displays were set up in two city libraries and at the University 
of Alberta. The CFS was represented at Melfort's Agricultural 
Field Day and participated in the National Forestry Week celebrations 
in Hudson Bay and the opening of the Forestry Technical School at 
Hinton. 

5. Seven in-hour seminars were organized: 

Nov. 19 

Dec. 5 

Dec. 12 

Jan. 9 

Jan. 26 

Feb. 20 

Feb. 27 

R. Grauman - Remote weather station for the arctic. 

S. Zoltai - Vegetation and landscapes on Somerset 
Island, N.W.T. 

I. Edwards and R. Blauel 
the forest. 

Salt water spills in 

E. Peterson - Man and the Biosphere program. 

G. Steneker and K. Froning - Status of Forestry 
in Manitoba and Saskatchewan. 

E. Ball and G. Parrott - Program of the Fisheries 
sub-office, NFRC. 

D. Surrendi - Program and role of the Canadian 
Wildlife Service. 

The staff newsletter (Echo) was amalgamated with EMS's 
"Monthly Highlights" during the year. Six issues were prepared. 

(Waldron, Hill) 

6. A small start (conceptualization and a few slides) was made on 
the audio-visual. This is a major undertaking and a considerable 
amount of time will have to be devoted to it during the coming 
summer if the finished product is to be ready for use by mid 
winter. (Waldron, Hill) 
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7. The number of mail and telephone requests for publications 
has remained relatively constant (3000 requests in 1975) but 
the number being given away at KFES and other functions such 
as conventions is growing. Pest leaflets are going particularly 
well with 10,000 distributed to date. Abstracts are now included 
in the lists of available publications which are mailed out, 
usually with the Forestry Report or every two months, to our 
clients but the effects on requests is not known. There has 
been a substantial increase (doubled) in the number of requests 
being received from Consultants. A review of requests for 
NFRC publication was carried out by R. E. Stevenson. 

14. Goals for 1976-77: 

1. Continue the preparation of articles for release in the pest 
leaflet series. Planned for 1976-77 are: 

Forest tent caterpillar - Hildahl 

Lilac leaf miner - Kusch 

Spruce needle miner - Kusch 

Poplar bud gall mite - Drouin 

Cooley spruce gall aphid - Caltrell 

Spruce spider mit~ - Tidsbury 

Fireblight - Emond 

Ugly nest caterpillar - Still 

Aphids - Kusch 

O.Jaldron, Logan, Drouin, 
Petty) 

2. Reprint Wilkinson's "Tree pests in the prairies". 

3. Prepare news releases, newspaper articles, TV and radio 
announcements, arrange for participation on local "talk shows" 
etc. as appropriate. 
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4. Participate or organize in-house tours by students, participate 
in career days, give lectures or talks to public audiences 
including Rotary Club, etc. as appropriate. 

5. Organize in-house seminars and prepare a staff newsletter 
(Monthly Highlights) as two means of improving internal 
communications and developing 'esprit de corp'. 

6. Prepare an audio-visual on the Rand D program of NFRC 
(Waldron, Hill). 

7. Distribute publications prepared by NFRC and Ottawa as required, 
including maintenance of mailing lists, inventory and 
distribution records. 

15. Publications: 

Up to 1975-76 

Wilkinson, N. w. 1975. Tree pests of the prairies. Environment 
Canada, Can. For. Serv., Northern Forest Research Centre, 
Edmonton, Alberta. Brochure. 

Wong, H. R. 1974. Birch leaf miner. Environment Canada, Can. For. 
Serv., Northern Forest Research Centre, Edmonton, Alberta. 
PL-I-74. 

Drouin, J. 1975. Pear slug. Environment Canada, Can. For. Serv., 
Northern Forest Research Centre, Edmonton, Alberta. PL-2-75. 

Hildhal, V. 1975. Fall cankerworm. Environment Canada, Can. For. 

1975-76 

Serv., Northern Forest Research Centre, Edmonton, Alberta. 
PL-3-75. 

Denyer, Iv. B. G. 1975. What's wrong with my tree. Environment 
Canada, Can. For. Serv., Northern Forest Research Centre, 
Edmonton, Alberta. PL-4-75. 

Kusch, D. S. 1975. Yellow-headed spruce sawfly. Environment Canada, 
Can. For. Serv., Northern Forest Research Centre, Edmonton, 
Alberta. PL-5-75. 

Drouin, J. 1975. To spray or not to spray. Environment Canada, 
Can. For. Serv., Northern Forest Research Centre, Edmonton, 
Alberta. PL-6-75. 
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Hildahl, V. 1975. Yellow-bellied sapsucker. Environment Canada, 
Can. For. Serv., Northern Forest Research Centre, Edmonton, 
Alberta. PL-7-75. 

Denyer, W. B. G. 1975. Urban home garden composting - a first step 
in recycling. Environment Canada, Can. For. Serv., Northern 
Forest Research Centre, Edmonton, Alberta. M-1-75. 

Stevenson, R. E. 1975. Information reports and brochure publications, 
who requests them? Environment Canada, Can. For. Serv., 
Norther Forest Research Centre, Edmonton, Alberta. Mimeo. 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 
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Evaluation of Earth Resources Technology Satellite (LANDSAT) 



CFS-1-NOR-22-144 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTIiERN FOREST RESEARCH CENTRE: 

Date: January 21, 1976 

1. Project: Evaluation of Earth Resources Technology Satellite (LANDSAT). 

2. Title: Evaluation of Landsat for resource inventory, damage assessment 
and land-use planning in the Northern Region. 

3. New: Cont.: X 4. No.: CFS-1-NOR-22-144 

5. Study Leader: C. L. Kirby 

6. Key Words: forest, land inventory, multispectral, multidate, multiscale, 
multiple land use, aerial photography, spectral signatures, 
information systems, remote sensing. 

7. Location of Work: Regional with two well documented test sites on 
Banff-Jasper-Kananaskis-Hinton in the subalpine 
forest region and in the boreal forest region. 

8. Problem: 

To show the capability of ERTS in forest-land management for mapping of 
cut-overs, burnovers, generalized covertypes, and succession after 
various disturbances; its application by provincial forest services, 
environmental management agencies and industry; and its future development. 

In a region where resource development is proceeding quickly, it is 
important to have up-to-date and economical inventory techniques along 
with environmental monitoring capability that is timely. 

9. Study Objectives: 

1. To provide well documented test sites in boreal and subalpine forest 
regions with descriptions of vegetation, geomorphology and soils, 
where remote-sensing research and development may be focused. 



- 2 -

7.. To develop Landsat interpretation using optical and computer 
tedm iCjues. 

3. To develop forest management information systems using LM~DSAT data. 

10. Resources: 

a. Starting date: 1974 
b. Estimated year of completion: Indefinite 
c. Estimated total Prof. man-years required: 3.0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 0.2 

Supp. 0.2 
Casual 
Total 0.4 

11. Progress to Date: 

1. Aerial photography was obtained from the CCRS jet program for the 
following test sites: 

CCRS 
Test Site Investigators Problem Task No. 

Swan Hills, Nipisi, Alta. R. B1auel S02 damage, 73-50 
oil spills 

F1in F1on, Manitoba R. B1aue1 S02 damage (73-47 
(72-88 

K.F.E.S. , Banff, Alta. D. Golding Snow melt 73-61 

K.F.E.S. Banff and Yoho C. Kirby Subalpine 73-62 
National Parks 

Slave Lake, Alta. 

P. Van Eck forest mapping 
A. Legge of vegetation 

and environ-
mental impact 
in Bow Corridor 
and K.F.E.S. 

J. Niederleitner Mapping of 
forest fires 
(burn-overs) 

72-57 



Test Site 

Cadomin Luscar, Alta. 

Peace River (P-6), Alta. 
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Investigators 

J. Robins 

C. Kirby 
P. Van Eck 

Problem 

4£> 

CCRS 
Task No. 

Mapping of 73-50 
"red-belt" 
climatic damage 
to lodgepole 
pine 

Happing of 
boreal forest 
vegetation, 
cut-overs and 
forest fires 

72-49 

2. Ground truth for the P-6 test site was obtained. 

3. High flight aerial photography and ground truth was obtained for 
the Banff-Kananaskis test site. In addition aerial photography 
for Yoho National Park, Swan Hills, Cadomin and Luscar was 
obtained. 

Test Site Investigators 

Swan Hills, Nipisi, Alta. R. Blauel 

K.F.E.S., Banff, Alta. D. Golding 

K.F.E.S. Banff and Yoho C. Kirby 
National Parks P. Van Eck 

A. Legge 

Cadomin, Luscar, Alta. J. Robins 

Problem 
CCRS 

Task No. 

S02 damage 
oil spills 

73-50 

Snow melt 73-61 

Subalpine 73-62 
forest mapping 
of vegetation 
and environmental 
impact in Bow 
Corridor and 
K.F.E.S. 

Mapping of 73-50 
"red belt" 
climatic damage 
of lodgepole 
pine 

4. Development of methods for ERTS analysis using time sequential 
imagery was started and a paper presenting results prepared. 
Canadian Institute of Surveying Journal. 



- 4 -

5. Contract NOR-730-715 "Spectral reflectance of selected targets at 
the Kananaskis Forest Experiment Station", by Drs. P. Crown and 
s. Pawluk was completed. 

6. Contract NOR-730-701 "Development and application of an ecological 
based remote sensing legend system in the Kananaskis, Alberta test 
corridor was completed, (Subalpine Test Site). 

7. Satellite mosaic for Banff-Jasper-Kananaskis-Hinton site with 
interpretation of broad covertype using a computer (Image 100 
system at CCRS) was completed on two Landsat (ERTS) images. 

8. Evaluation of the interpretation by aerial photography obtained 
by NFRC and ground sampling was initiated. 

9. The mapping of red-belt from Landsat imgages for damage occuring 
in 1972, 73, 74 was accomplished using magnetic tapes and the 
image 100 in Ottawa. 

12. Goals for 1975-76: 

1. Completion of the evaluation of the Banff-Jasper satellite image 
interpretation. 

2. Preparation of a joint paper with CCRS and Parks Canada on the 
Banff-Jasper Satellite Map for presentation at Third Canadian 
Remote Sensing Symposium in Sept., 1975 (Edmonton). 

3. Act as Chairman of Natural Resource Exploration and Management 
Session of 3rd Canadian Remote Sensing Symposium. 

13. Accomplishments in 1975-76: 

1. Satellite photo maps at a scale of 1 :500,000 with an overlay trans
ferred from national topographic maps showing streams and roads were 
lithographed in color for distribution to National Park employees, 
the public in the national park interpretive program and at the 
3rd Canadian Remote Sensing Symposium. 

2. A paper, Landsat imagery for Banff and Jasper National Parks Inventory 
and Management, by C. L. Kirby, D. Goodenough, D. Day and P. Van Eck 
was presented at the Third Canadian Remote Sensing Symposium and will 
be published in proceedings of 3rd Cdn. R.S. symposium. 

3. Chaired half day session on National Resource Exploration and 
Management at the 3rd Canadian Remote Sensing Symposium. 
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14. Goals for 1976-77: 

1. To develop computer mapping techniques using the Image-IOO system 
in Ottawa to overlay National Topographic map information on the 
thematic maps that were produced for Banff Jasper National Parks. 

2. To assemble thematic maps of Banff Jasper National Parks into a 
booklet or mosaic for limited distribution (6 copies). 

3. Present 2 lectures on "multistaged sampling design using Landsat" 
at University of Alberta, Forestry School, and at Alberta Remote 
Sensing Training Course. 

15. Publications: 

Up to 1975-76 

Kirby, C. L. 1973. Preliminary results of earth resources technology 
satellite investigations on the Peace River test site for the 
Boreal Forest Region. Paper to Canadian Aerospace and Space 
Inst. Feb. 5, 1973. 

Kirby, C. L. 1973. Remote sensing. N.F.R.C. For. Rep. Vol. 3(3). 

Crown, P. and S. Pawluk. 1973. Spectral signatures at Kananaskis Forest 
Experiment Station. File Report. (Contract). 

Kirby, C . L. 1973. Forest and land inventory using ERTS imagery and 
aerial photography in the Boreal Forest Region of Alberta. 
Paper to Principle ERTS Investigators. Washington, Dec. 10, 1973. 

Legge, A., C. E. Poulton, C. L. Kirby and P. Van Eck. 1974. Development 
and application of an ecological based remote sensing legend 
system in the Kananaskis, Alberta test corridor. (Published 
by University of Calgary). (Contract). 

Kirby, C. L. 1974. Temporal Analysis of ERTS Imagery in the boreal 
forest region. The Canadian Surveoyr, Vol. 28, No.2. 
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1975-76 

Kirby, C. L. 1975. Landsat imagery for Banff and Jasper National 
Parks inventory and management. (in press of proceedings 
Third Canadian Remote Sensing Symposium). 

16. Signatures: 

Investigator /7 Program Manager 

Director G. T. Silver 
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PROJECT NOR - 23 

Land and vegetation resource inventory 

of Banff and Jasper National Parks 



NOR-23-148 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January 22, 1976 

1. Project: Land and vegetation resource inventory of Banff and Jasper 
National Parks. 

2. Title: Land and vegetation resource inventory of Banff and Jasper 
National Parks. 

3. New: Cont.: X 4. No.: NOR-23-148 

5. Study Leader: W. D. Holland, S. Kojima 

6. Key Words: Resource inventory, land inventory, biophysical mapping, 
vegetation inventory, land use interpretation guides. 

7. Location of Work: Banff and Jasper National Parks and Northern Forest 
Research Centre, Edmonton. 

8. Problem: 

The National Parks Service have requested assistance to meet a number 
of objectives of the National Parks Inventory Program. The request 
indicates a need for knowledge of the kinds of soil and vegetation and 
their distribution in the National Parks system. The knowledge will 
be used for such purposes as: 

1. determining soil limitations for certain land uses, e.g. soils 
subject to flooding, landslides, droughtiness; load bearing 
ability for access roads, trails, buildings; slope, drainage, 
permeability; soil depth, texture, stoniness; productivity for 
vegetation of different kinds, fertility levels, etc.; 

2. providing background information for impact assessments and 
environmental monitoring; 

3. providing the Parks personnel, wardens, planners, and managers 
with interpretative guidelines for use of land for various purposes. 
Knowledge pertaining to soil characteristics and how they affect 
soil quality will assist in evaluation of the degree and kind of 
risk or hazard (soil limitations) that a certain soil may have for 
specific, selected National Park uses; 
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4. prOV1S10n of information on forest cover and vegetative communities. 
Such knowledge assists in fuel-type mapping, establishment of 
fragility ratings, determining productivity of alpine and winter 
ranges, successional stages and advance growth, and understory 
components; 

5. assisting, if necessary, with interpretation of the information 
for Parks personnel preparing master plans of the Parks. 

Further, the knowledge g~ined will permit consultation and the possibility 
of critical review of resource management recommendations, either with 
individual Parks personnel or through the establishment of a liaison 
committee. It also permits participation in seminars with Parks personnel 
and students. 

The approach to this inventory uses the Guidelines for Biophysical Land 
Classification (Lacate, 1969). It will, however, include interpretative 
guides, and methodology similar to that developed for Waterton Lakes 
National Park (Holland and Coen, 1973) but adapted to the biophysical 
guidelines. The scale to be used is assumed to be to the 1:50,000 
National Topographic Series for base maps. These can readily be 
reproduced by a 2 colour offset printing. 

Experience since 1970 indicates that a number of the Parks problems 
appear to be one of a lack of knowledge on how to manage specific areas 
of land. Research projects could be initiated, using the inventory data 
for guidance, to determine how such areas can best be managed. Such 
research may be concurrent with the surveyor post-survey. Preparation 
of a field guide to solve problems in applied management is suggested. 

An assessment of land use problems encountered in Banff and Jasper 
National Parks could do much to improve the data collected by the 
inventory and the subsequent resource interpretations. Especially 
pertinent is the experience of field personnel from Banff and Jasper. 

9. Study Objectives: 

To provide a land, soil, and vegetation inventory of Banff and Jasper 
National Parks, including maps and report, and research studies, plus 
interpretation of data for land use planning and management within the 
Parks. 

10. Resources: 

a. Starting date: April 1974 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 30 
d. Essential new major equipment for 1976-77 with costs: Nil 
e. Essential new major equipment beyond 1977 with costs: Nil 
f. 1976-77 man-years: Canadian Forestry Service 

Prof. 2.0 W. D. Holland, S. Kojima 
Supp. 2.0 D. T. Allan, J. Dyck 
Casual 
Total 4.0 



Alberta Institute 
Prof. 5.0 

Supp. 0.5 
Casual 1.5 

11. Progress to Date: 

3 

of Pedology and Soil Research Institute 
G. M. Coen, R. E. Wells, B. D. Walker, 
Ian Corns, P. Epp, J. Tajek 
U. of A. Soil Lab. 
5 Summer students 

Project methodology was presented in Progress Report HI. 

The Banff area surveyed in 1975 includes: 

Hector Lake Sheet 
Blaeberry River Sheet 
Lake Louise Sheet 

82 N/9W 
82 N/10E 
82 N/8W and 82 N/8E 
82 0/5W (1/2 of sheet) 
82 N/1E 

Mt. Eisenhower Sheet 
Mt. Goodsir Sheet 
Banff Sheet 82 0/4E and 82 0/4 (Parts of these sheets) 

The Banff survey is at a scale of 1:50,000 except for the Village 
Lake Louise study area of 44 square miles, which is at 1:15,840. 

The surveyed area in Jasper includes: the main Athabasca River 
valley from crest to crest in an east-west direction, and from 
about the middle of Jasper Lake to Sunwapta Falls. 

The Jasper survey is all at a scale of 1:50,000 except for special 
attention to the Kerkeslin campground enquiry in co-operation with 
G. Trottier's study of that area. 

VEGETATION AND SOIL SAMPLING - 1975 

Banff Jasper 

No. of vegetation plots 587 103 

No. of vegetation types 29 53 

Bryophytes collected :::: 2000 :::: 1500 

Vascular plants collected :::: 1000 :::: 2000 

Soil observation points 558 555 

Soil laboratory samples 73 64 

Insitu soil tests 12 

Notebook records 65 450 

CanSIS soil description sheets: 

Daily forms 475 78 

Semi-detail 1 18 

Detailed (sampling sites) 11 9 
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2. New team members added in 1975 were: R. E. Wells, Ian Corns, 
P. Epp, and J. Tajek. 

3. Approximately 600 square miles completed in Banff on 6 map sheets as 
detailed in section 11 above; and including 44 miles of semi
detailed work in the village Lake Louise special study area. 

4. Field camp established at Jasper fish hatchery, and approximately 
800 square miles inventoried in the main Athabasca River valley 
between Jasper Lake and Sunwapta Falls. 

See Section 11, above for detailed tabulation of soil and vegetation 
sampling. 

5. April seminar to National Parks on inventory methodology. 
November participation in planning workshop for Columbia Icefields 
study. 
Field advice to C.W.S. personnel. 

6. Progress Reports for 1975-76 for Banff and Jasper are in preparation. 
Completion anticipated by April, 1976. 

7. At National Parks request, assistance was provided in the following 
site specific problems. 

a. G. A. Bull, I. Corns, W. D. Holland, R. Wells, J. Steele, and 
C. Zinkan. 1975. Rehabilitation guidelines for the Lakes 
Edith and Annette area, Jasper National Park. 

b. Village Lake Louise special study area; 44 square miles in 
Banff National Park. 

c. Kerkeslin, campground extension, Jasper National Park. 

d. Whistler Mountain rockfall, Jasper. 

e. Twinning of C.P.R. track in Lake Louise area of Banff National 
Park. 

f. Reclamation of old highway between Maligne Canyon and Medicine 
Lake. 

14. Goals for 1976-77: 

1. Completion of bio-physical inventory Progress Report for Banff, 1975. 

2. Completion of bio-physical inventory Progress Report for Jasper, 1975. 

3. Continuation of soil and vegetation inventory in Banff National Park, 
from Lake Minnewanka to the south end of the Park, with continuation 
up the Cascade River valley, time permitting. 
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4. Continuation of soil and vegetation inventory in Jasper National 
Park, in the area defined by the Columbia Icefield, upper 
Athabasca River valley, Sunwapta River valley, and Poboktan Pass. 
(The Columbia Icefield area includes part of the north end of 
Banff National Park and is included here because of the Columbia 
Icefield planning study currently in progress. 

5. Completion of information report for the village Lake Louise 
special study area. 

6. Completion of Kerkeslin campground study; this report in conjunction 
with G. Trottier, C.W.S. 

7. Continued co-operation with the surficial geology input, in particular 
with provision of air photos. 

8. Continued so-operation with J. Dumanski of the Soil Research 
Institute for inp4t into computer and coding work of the CanSIS data 
bank. This year's input will be mainly into the vegetation portion 
and establishment of the village Lake Louise special study area as a 
pilot project test of the CanSIS data system and the development of 
generic print-out maps. 

9. Continuation of committee meetings, seminars, workshops, assistance 
with site specific problems, as requested by National Parks, or 
others. The number of impact studies is expected to be less this 
year as a result of budget restraints in National Parks. 

10. Continuation of general phytosociological investigation of the Banff
Jasper National Parks (S. Kojima. 

11. Continuation and further development of floristic investigation of 
the Banff-Jasper Natio~al Park (S. Kojima). 

12. Some intensive ecological investigation of representative vegetation 
types to assist in interpretation and application of the vegetation 
classification of the area (S. Kojima). 

13. Further development and completion of computer programs to store and 
manipulate vegetation data. This will be done in co-operation with 
Dr. J. Dumanski of the Canada Department of Agriculture. (S. Kojima). 
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15. Publications: 

Up to 1975-76 

Day, D, C. Zinkan, and G. Wickware. 1975. A multidisciplinary approach 
to resource inventory in National Parks. Indian and Northern 
Affairs, Parks Canada. 600 pp. and Appendices. 

Re imc hen , T.H.F. and L. A. Bayrock. 1975. Terrain analysis of Banff 
and Jasper National Parks. Bayrock and Reimchen Surficial 
Ecology Ltd., North Vancouver. 

1975-76 

Holland, W. D.,B. D. Walker, S. Kojima, D. T. Allan, and J. Dyck. 1975. 
Banff-Jasper bio-physical land inventory Progress Report No.1, 
1974-1975. 76 pp. plus references and appendices. 

Bull, G. A., I. Corns, W. D. Holland, R. E. Wells, J. Steele, and 
C. Zinkan. 1975. Rehabilitation guidelines for Lakes Edith and 
Annette area, Jasper National Park. 

Kojima, S. 1975. List of vascular plants collected from Banff 
National Park in 1974. Canadian Forestry Service, Northern Forest 
Research Centre, Edmonton. 

Kojima, S. and J. R. Dyck. 1975. Checklist of vascular plants in the 
herbarium of the Northern Forest Research Centre. Canadian Forestry 
Service Information Report NOR-X-144. Northern Forest Research 
Centre, Edmonton. 

Kojima, S. 1976. List of vascular plants collected from Banff National 
Park - a supplement to the 1974 collection. Canadian Forestry 
Service, Northern Forest Research Centre, Edmonton. 

16. Signatures: 

~/t{)~~.·~~ 
Investigator Program Manager 

<? <W--C)/VI Q 
Investigato Director G. T. Silver 



PROJECT NOR - 24 

AOSERP: Effects of S02 on vegetation 



NOR-24-157 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 4, 1976 

1. Project: AOSERP: Effects of S02 on vegetation. 

2. Title: Symptomology of S02 injury to vegetation. 

3. New: X Cont. : 4. No.: NOR-24-157 
(Formerly NOR-24-990) 

5. Study Leader: R. Blauel and Term Physiological Ecologist. 

6. Key Words: sulfur dioxide, plants, symptomology. 

7. Location of Work: Athabasca Oil Sands area and Northern Forest 
Research Centre. 

8. Problem: 

Delineation of S02 effects on vegetation in the field requires rapid 
diagnosis of symptoms of injury that may be due to any of a variety 
of causes. Since symptom expression is affected by many plant and 
environmental factors, carefully controlled experimentation is needed 
to determine contributions of various factors. 

9. Study Objectives: 

1. Describe visible and microscopic effects of various levels 
of S02 fumigation on selected vegetation occurring in vicinity 
of oil sand leases. 

2. Develop diagnostic techniques for identifying and assessing 
impact of S02 fumigation on vegetation. 
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10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 1.5 
d. Essential new major equipment items for 1976-77 with costs: 

$40,000 fumigation chamber (also required for Study 991, 
992 and 993) 

Pollution chamber accessories 23,000 
e. Essential new major equipment items beyond 1977 with costs: 

Pollution chamber accessories 15,000 
Gas chromatograph accessories 10,000 

f. 1976-77 man-years Prof. .1 (R. Blauel) 

Supp. 

11. Progress to Date: 

~ (Vice Hocking) 
.2 Total NFRC 

+ .2 AOSERP term 
.4 
.0 from NFRC 
.5 Instr. Tech. from Alberta DOE 

Extensive collections have been assembled of herbarium specimens 
and photographs of S02-injured vegetation, with notes on probable 
conditions of exposure. Conditions of time and concentration of 
S02 are rarely if ever available. For further progress, control 
of these two factors is essential within conditions of controlled 
climate. To accomplish this a fumigation chamber has been 
designed and the contract for its construction has been let. 

12. Goals for 1975-76: 

1. Let contract and supervise construction of fumigation chamber. 

2. Make preliminary experimental fumigations using an available 
micro-chamber, with suitable adaptations. 

13. Accomplishments in 1975-76: 

1. The contract for construction of the fumigation chamber was 
let. Supervision to date has entailed several consultive 
meetings with the contractor concerning chamber specifications 
and operations. 

2. The search for hiring a qualified instrument technologist was 
conducted and the hiring awaits release of the position. 
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14. Goals for 1976-77: 

1. Dependent on release of and hiring for the instrument 
technologist position the siemens micro-chamber will be set 
up, calibrated and preliminary fumigations will be carried 
out. (Co-ordinated with Study 114). 

2. Dependent on fumigation chamber delivery and the hiring of the 
instrument technologist; the fumigation chamber will be set 
up, calibrated and electronically debugged. Preliminary test 
trials will be concommittantly conducted (Co'-ordinated with 
Study 114). 

15. Publications: 

Nil 

16. Signatures: 

-------)1 

<[::/, II 
Investigator Program Manager 

Director G. T. Silver 



NOR-24-158 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 4, 1976 

1. Project: AOSERP; Effects of S02 on vegetation. 

2. Title: Threshold levels of S02 injury and species tolerances. 

3. New: X Cont. : 4. No.: NOR-24-158 (Formerly NOR-24-991) 

5. Study Leader: S. S. Malhotra and Vice Hocking 

6. Key Words: sulfur dioxide, vegetation, plants, injury thresholds, 
tolerance. 

7. Location of Work: Alberta oil sands area and Northern Forest 
Research Centre. 

8. Problem: 

At present, air quality standards and objectives are based on data 
from other places and plants. A clear knowledge of species
specific injury thresholds is needed to rationalize such standards 
for Alberta species and climate. 

9. Study Objectives: 

1. Determine threshold levels of injury to vegetation species 
occurring in the Alberta Oil Sands area. 

2. Screen candidate revegetation species for S02 tolerance under 
climatic stresses. 
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10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 1.0 
d. Essential new major equipment items for 1976-77 with costs: 

(fumigation chamber as identified under NOR-24-990) 
e. Essential new major equipment items beyond 1977 with costs: 

(S02 monitor as identified under 157) 
f. 1976-77 man-years Prof. .1 (S. Malhotra) 

11. Progress to Date: 

~ (Vice Hocking) 
.2 NFRC Total 

+ .1 AOSERP term 
.3 

Supp. .5 AOSERP term 
.5 Instr. Tech. from Alberta DOE 

-1. 0 (note - 0 NFRC m/y) 

Objectives of this study clearly require the most careful control of 
exposure conditions. For this, a suitable fumigation chamber has 
been designed and the contract for its construction has been let. 

12. Goals for 1975-76: 

1. Let contract and supervise construction of fumigation chamber. 

2. Make preliminary experimental fumigations using an available 
micro-chamber, with suitable adaptations. 

13. Accomplishments in 1975-76: 

Congruent with those of Study NOR-24-157. 

14. Goals for 1976-77: 

Congruent with those of Study NOR-24-157. 

15. Publications: 

Nil 

16. Signatures 

_ ~h I ,.1 Uo-<-
Inves 19ator Program Manager 

Director G. T. Silver 



NOR-24-159 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 4, 1976 

1. Project: AOSERP: Effects of S02 on vegetation. 

2. Title: Physiology and mechanisms of S02 injury. 

3. New: X Cont. : 4. No.: NOR-24-159 (Formerly NOR-24-9~2) 

5. Study Leader: S. S. Malhotra 

6. Key Hords: sulfur dioxide, plants, injury mechanisms, physiology 

7. Location of Hork: Alberta oil sands area, Northern Forest Research 
Centre, 

8. Problem: 

Full understanding of plant injury thresholds requires a knowledge 
of the types of injury to be expected at different exposures and 
conditions, because injury development is a continuum, not a "yes" 
or "no" situation. 

9. Study Objectives: 

1. Determine effects of S02 on central biochemical processes in 
forest species. 

2. Determine effects of S02 on subcellular organization and relate 
these results to Objective 1. 
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10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 4.4 
d. Essential new major equipment items for 1976-77 with costs: 

(fumigation chamber as identified under NOR-24-157) 
e. Essential new major equipment items beyond 1977 costs: 

Gas chromatography accessories 5,000 
Ultra centrifuge accessories 6,000 
U.V. monitor and fraction collector 10,000 

f. 1976-77 man-years Prof. ~ (S. Malhotra) 

11. Progress to Date: 

.5 Total NFRC 
+ .6 AOSERP term 

1.1 
Supp. ~ (J. Shuya) 

. 7 To tal NFRC 
+ .5 AOSERP term 

1.2 NFRC 

Available world literature on biochemical and physiological action 
of S02 on vegetation has been assembled, reviewed and is currently 
in press. 

Substantial experimentation has been carried out with different age 
pine needle tissues exposed to S02 in aqueous solution. The results 
have shown significant effects on (1) photosynthetic pigments 
(2) enzyme activity (3) Hill reaction activity (4) rate of H14C0 3 
incorporation into photosynthates (5) lipid composition of cells 
(permeability studies) (6) amino acid and organic acid metabolism. 

12. Goals for 1975-76: 

1. Examine photosynthetic efficiency following exposure of S02, 
using radioactive carbon tracers. 

2. Examine the effects of exposure to S02 on whole tissue 
respiration and on amino acid metabolism. 

3. Expand field studies of needle function under clean air and 
S02 fumigation conditions (A. Legge). 

4. Effect of S02 on tissue permeability. 

5. Effect of S02 on total organic acids. 
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13. Accomplishments in 1975-76: 

1. Low concentrations of aqueous S02 resulted in a significant 
drop in photosynthetic activity (inhibition of H14C03 
incorporation into the alcohol soluble fraction of carbohydrates). 

2. The rate of whole tissue respiration was inhibited by 502. 
It appears that in the presence of 502, the lack of photosynthates 
may have an indirect effect on tissue respiration. 

3. Since A. Legge did not submit his research proposal, the R&D 
contract could not be let out. 

4. Since 502 can drastically alter the configuration of chloroplast 
membranes (our results from 1974/75 work), it was decided to 
study the effect of 502 on tissue lipids (monoga1actosy1 
diglycerides, diga1actosy1 diglycerides and su1fo1ipids). 502 
was shown to have a dramatic effect on lipid biosynthesis. 
It is suggested that lipid biosynthesis may be one of the 
primary sites of S02 action. 

S. Organic acids are an important source of energy and are also 
precurrors for many other metabolites. It was found that S02 
has an inhibitory effect on the total organic acid content in 
pine needle tissue (exchange resin column chromatography 
studies). The gas chromatography studies are being initiated 
to determine the effects on specific organic acids. 

14. Goals for 1976-77: 

In order to determine biochemical threshold levels of S02 injury 
to forest vegetation, the following studies will be carried out: 

1. Gas chromatography studies on amino acids. 

2. Gas chromatography studies on organic acids. 

3. Effect of S02 on lipid biosynthesis of membrane (permeability 
studies). 

4. Write up and report 
titles: 1. Effect 
Pinus contorta. 2. 
needle tissue (both 

the results obtained in 1975/76. Proposed 
of aqueous S02 on chlorophyll destruction in 

Effect of S02 on lipid composition of pine 
to be published in journals). 
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IS. Publications: 

Up to 1975-76 

Nil 

1975-76 

Malhotra, S. S. and D. Hocking. Biochemical and cytological effects 
of S02 on plant metabolism (Review of world literature). 
New. Phytologist. In Press. 

Malhotra, S. S. Effect of S02 on biochemical activity and ultra
structural organization of pine needle chloroplasts. New 
Phytologist. In Press. 

Hocking, D., S. S. Malhotra and R. Blauel. 1975. Environmental 
stress in the forest. Environ. Can., North. For. Res. Cent. 
For. Rep. 4(2). 

16. Signatures: 

~A-A~' Inves l.gator Program Manager 

Director G. T. Silver 



NOR-24-160 

CANA/) I AN FO/{ESTRY SERV I CI': 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 4, 1976 

1. Project: AOSERP: Effects of S02 on vegetation. 

2. Title: Ecological benchmarking and biomonitoring for detection 
of S02 effects on vegetation and soils. 

3. New: X Cont.: 4. No.: NOR-24-l60 (Formerly NOR-24-993) 

5. 

6. ~ey Words: Sulfur dioxide, plants, long-term ecological effects, 
biomonitoring. 

7. Location of Work: Alberta oil sands area and Northern Forest ---------- Research Centre. 

8. Problem: 

Long-term exposure to S02' even at low concentrations, may exert 
influences on the composition of plant communities and soils. 
Early detection of such influences, if any, is desirable as a 
basis for review of emission standards and controls. 

9. Study Objectives: 

1. Develop species sensitivity index for different environmental 
conditions and sequences (by determining S02 injury thresholds). 

2. Locate and inventory suitable vegetation reserve areas in 
vicinity of oil sands leases; establish permanent benchmark 
plots. 

3. Establish a biomonitoring network through vegetation response units. 

4. Under controlled environmental and field conditions, determine 
the influence of air pollutants characteristic of oil sands 
operations on a) soil chemistry b) nutrient uptake c) soil 
microflora. 
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10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1980 
c. Estimated total Prof. man-years required: 6.0 
d. Essential new major equipment items for 1976-77 with costs: 

(fumigation chamber as identified under NOR-24-990) 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. .1 (S. Malhotra) 

.2 (R. Blauel) 

Supp. 

11. Progress to Date: 

. 3 (J. Baker) 

.6 (Vice Hocking) 
1.2 Total NFRC 

+ .1 AOSERP term 
1.3 

.7 (J. Ridgway) 

.6 (0. Fenn) 

.5 (D. Caldwell) 
1.8 Total NFRC 

Permanent field plots have been established in 8 selected ecotones 
in the Fort McMurray area. Photographic documentation of vegetative 
cover has been collected for 1973 (3 plots) and 1974 (8 plots). 
Preliminary species inventories and herbarium collections have been 
made. In 1975, soil and vegetation samples were collected from the 
plots and are currently being analyzed for pollutant content. The 
plots were further upgraded. 

12. Goals for 1975-76: ------------
1. Intensify the level of data collection on established sites, 

to include species densities, numbers and distributions. 

2. In consultation with other AOSERP committees, select further 
common sites for collection of all data parameters. 

13. Accomplishments in 1975-76: 

1. The level of data collection on established sites was increased 
to include species densities, numbers and distributions. 
Herbarium collections were added to, species were collected to 
conduct trials as to their suitability as biomonitoring agents, 
and soil classification on sites was initiated. Additional 
plots were established to replace plots where projected 
disturbances were anticipated and all plot demarkation and 
documentation processes were upgraded. 
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2. In consultation with other A.O.S.E.R.P. committees it was 
determined that further common site selection for the 1975-76 
field season would be premature. An appraisal was made of 
a proposed "Landform Inventory Design". This inventory could 
be especially useful in future site selection. 

14. Goals for 1976-77 

1. The number of biomonitoring plots will be increased based 
upon new site selection in consultation with the A.O.S.E.R.P. 
committees. (Term Phys. Ecol.) 

2. To effectively identify the influence of pollutants on the 
forest ecosystem the plot work will be expanded and upgraded 
to include: 

1. Soil profile description (Baker) 

2. Soil chemistry (Baker) 

3. Field exposure of indicator plants (replicate lichen 
transplants and containered test plants.) 

3. A report with the proposed title: The forest condition and 
ecological benchmarking in the Athabasca Oil Sands area will 
be produced (Blaue1 and Hocking). 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

B1aue1, R. A. 1975. Inventory Design Comments (A.O.S.E.R.P. 
Vegetation Committee). File Report. 

16. Signatures: 

--!-~'----
Investigat0E-
-~ : ,)/ I. 
~~ /1 t}-t,t~-----V 

~,~L~ 
r;! ~ 

. ..:;;;:::.---- '. 

Program Manager 

Director G. T. Silver 



PROJECT NOR - 25 

Arctic Terrestrial Environment Project 



NOR-2S-1S1 
IJ t' r:) 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976-77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: January IS, 1976 

1. Project: Arctic Terrestrial Environment Project. 

2. Title: Landform, vegetation and permafrost relationships. 

3. New: Cont.: X 4. No.: NOR-2S-1S1 (Formerly NOR-2S-989) 

S. Study Leader: S. C. Zoltai 

6. Key Words: Arctic, land use, permafrost, thermal erosion. 

7. Location of Work: E. Arctic, Arctic Islands. 

8. Problem: 

Large scale intensive exploration and development of hydrocarbon resources 
is currently under way in the Arctic Islands. A large diameter pipeline 
to deliver these resources to southern markets is being designed by a 
consortium, the Polar Gas Project. Although the projected pipeline 
would cross a variety of terrain and vegetation zones from polar deserts 
to well vegetated tundra, very little is known about the effects of 
disturbances on the vegetation and permafrost terrain and about the 
effects of construction across isolated vegetated oases on the wildlife. 

In anticipation of development in the Arctic Islands and eastern Arctic 
mainland, there is a need to develop government expertise in order to 
evaluate the environmental impact of any proposals. The C.F.S. became 
involved in the Arctic Islands Project because of the research expertise 
gained in the western Arctic. Although terrain and climatic conditions 
are different in the eastern Arctic from the west, the relationships be
tween terrain, vegetation and permafrost remain similar. 

The Arctic Island Program is a multidisciplinary study. The C.F.S. 
component of the program is to identify the relationships between land
form, vegetation and permafrost; to identify vegetated areas utilized 
by wildlife, and to contribute to the evaluation of the sensitivity of 
terrain to disturbance. Collaborating agencies include Geological 
Survey of Canada (determining and mapping landforms and geotechnical 
characteristics of the land); Canadian Wildlife Service (determining 
important wildlife habitat areas); Soil Survey of Canada (determining 
near-surface permafrost characteristics). 
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9. Study Object~ves: 

a. To determine the relationships between landform, vegetation cover 
and permafrost, and characterize natural terrain units in terms 
of vegetation and permafrost characteristics. 

b. To contribute to terrain performance evaluation by characterizing 
natural terrain units in terms of susceptibility to disturbance. 

c. To identify vegetated areas capable of providing sustenance to 
wildlife. 

10. Resources: 

a. Starting date: 1975 
b. Estimated year of completion: 1977 Revised: 1978 
c. Estimated total Prof. man-years required: 2.0 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 197,7 with costs: Nil 
f. 1976-77 man-years Prof. 2.0 (Zoltai 1.0; Vice Muir 1.0) 

Supp. 1. 0 (Ali) 
Casual 
Total 3.0 

11. Progress to Date: 

The study leader participated in identification of research requirements 
in the Arctic Islands Program. C.F.S. participation will be in the 
Terrestrial Environment Project (TEP-l and TEP-3), with Geological 
Survey as lead agency. The C.F.S. contribution to TEP-4, with Canadian 
Wildlife Service as lead agency, was also identified. 

One field season was completed in co-operation with the Geological Survey 
of Canada and Agriculture Canada (Soil Survey). 

12. Goals for 1975-76: 

1. Initiate and complete field work on Somerset, Prince of Wales and 
Russell Islands. 

2. Prepare interim reports and maps. 

3. Contribute to assessment of pipeline proposal, as required. 

13. Accomplishments in 1975-76: 

1. Field work completed on Somerset, Prince of Wales and Russell Islands. 
175 soil profiles were examined and sampled, 24 of them in detail. 
Vegetation was descr~bed and collected from these sites. 155 
vascular plants were collected, most new to the N.F.R.C. herbarium, 
some new to the area. 75 samples of cryptogams were collected. 
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2. Soil and vegetation maps of the islands are in preparation in 
co-operation with the Soil Survey (CDA). Interim report to be 
submitted January 31, 1976. 

3. As Chairman of a DOE Task Force, recommendations were made on 
environmental concerns arising from the Canadian Arctic Gas 
Pipeline Ltd. application in the Mackenzie Valley. In addition 
testimony was given at the Mackenzie Valley Inquiry on environmental 
matters. 

14. Goals for 1976-77: 

1. Initiate and complete field work in the northern District of 
Keewatin, N.W.T. 

2. Complete vegetation and soils maps, and reports on Somerset, 
Prince of Wales and Russell Islands. 

3. Contribute to assessment of pipeline proposal, as required. 

15. Publications: 

Up to 1975-76 

Nil 

1975-76 

Zoltai, S. C. (Chairman) 1975. Report of the D.O.E. Task Force on the . 0 
Mackenzie Valley Pipeline Application (Part I, North of 60 ) 
41 p. Unpublished. 

Zoltai, S. C. (Chairman) 1975. Draft guidelines for the environmental 
assessment of the proposed Mackenzie Delta gas development. 
30 p. Unpublished. 

Zoltai, S. C. 1975. Consideration of impact on the physical environment. 
Mackenzie Valley Pipeline Inquiry. In: Volumes 101 and 102. 

16. Signatures: 

Investigator Program Manager 

Director G. T. Silver 



PROJECT NOR - 26 

Reclamation of lands disturbed by strip 

mining and associated activities 



NOR-26-166 

CANADIAN FORESTRY SERVICE 

STUDY STATEMENT 

1976 - 77 

Responsibility Centre: NORTHERN FOREST RESEARCH CENTRE 

Date: February 27, 1976 

1. Project: NOR-26. Reclamation of lands disturbed by strip mining and 
associated activities. 

2. Title: Assess research needs in reclamation of lands disturbed by 
strip mining for coal, and associated activities. 

3. New: X Cont. : 4. No.: NOR-26-166 

5. Study Leader: L. G. Brace 

6. Key Words: Coal, reclamation, revegation, strip mining. 

7. Location of Work: Western and Northern Region 

8. Problem: 

National and international concern over diminishing oil and gas supplies 
has focused industrial and political attention on the coal resource of 
Alberta as an alternate energy source. Of total western Canadian 
reserves, it is estimated that Alberta has 40 per cent (recent estimates 
indicate 47.2 billion short tons). The bituminous portion of this 
reserve, much of good coking quality, is located in the environmentally 
sensitive mountain and foothills region. 

The coal industry in Alberta has recently seen a revival of sorts as a 
result of demand from the Japanese steel industry (5.4 million tons 
annually in 1975) and the thermal electric industry. This demand is 
expected to increase very rapidly with markets developing in E. Canada 
and as virtually all industrialized nations seek new sources of energy 
supply. 

All indications at present suggest that the Alberta Government is keen 
to accommodate this demand in order to diversify the economy and sub
stitute for a diminishing oil and gas supply. An accelerated program 
of exploration is underway, there have been recent announcements of 
expanded production by the companies presently operating, and announce
ments of new operations are anticipated in the near future. 

It is probable that coal recovery will be principally by the open pit, or 
strip mining method. Serious environmental problems are possible, 
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particularly in the high elevation Foothills and Subalpine sites 
of Yestern Alberta. The coal seams straddle tile headwaters of most, 
if not all of the prairie rivers. Development constitutes a 
potentially serious threat to watershed values and physical and 
chemical water quality. Coal bearing areas include lands that are 
productive and critical ranges for various wildlife species. The 
area in question is also a high value recreation resource. 
Reclamation of coal-mined areas is recognized as a most difficult 
problem in this area. Although some work is on-going there is as 
yet no prescription available that will assure establishment of 
self-perpetuating vegetation communities \vith desirable characteristics, 
on a large variety of sites associated "ith mine development. 

The potential problems in Western Alberta are recognized by the public 
and by the Alberta Government. In public hearings held by the Alberta 
Conservation Authority in 1971 on surface coal mining, and in 1974 on 
land use and resource development in the Eastern Slopes the message 
was very clear. Environmental degradation on a significant scale is 
not acceptable. It is therefore assured that all development 
proposals will require in-depth impact assessments and proposals will 
only be approved subject to stringent regulations and ground rules 
respecting environmental protection and reclamation. 

If this protection is indeed to be achieved and if impact assessments 
are to be conducted "lith some degree of credibility, much new information 
is necessary that can only be achieved by research. 

Many techniques and procedures researched and applied in reclamation of 
strip mines on the plains have questionable value in mountain and 
foothill terrain, where conditions are more variable and complex in 
terms of climate, geology, topography, soils and vegetation. 

Reclamation problems in mountainous terrain are further complicated 
because, in contrast to plains areas, old workings often cannot be used 
for bac.kfilling. Thus the site requiring reclamation at a given mine 
is more complex, as it comprises the mine site itself as well as spoil 
dumps, which may be equal in size to the mined area. There has been 
only limited research done on spoil dumps in particular. 

There appears to be a real need to combine the knowledge of geologists, 
engineers, soils specialists and other biologists in planning 
reclamation research, and facilitating operational application of 
research results. For example, engineering and geological decisions 
about mine spoil placement, stability and drainage (both internal and 
external) can have a direct bearing on options and feasibility for 
revegetation, particularly as they may affect surface creep, wind and 
water erosion, subsurface moisture, surface temperature as related to 
aspect, color and slope of spoil, toxicity, texture, permeability and 
nutrient status of surface materials. 
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Cooperative work should provide new opportunities for research into 
the adaptation of site to species as well as adaptation of equipment 
for both reclamation and maintenance of reclaimed areas. There should 
be opportunities to reduce reclamation research problems currently 
faced by soil scientists and other biologists, freeing them for more 
definitive work on factors of climate, soil and site, species selection, 
propogation and establishment techniques and cultural and amelioration 
practices needed to meet a variety of reclamation objectives. 

9. Study Objectives: 

1. Do a survey of the current status of strip mine reclamation research 
and operations. 

2. Prepare a report outlining potential for NFRC-EMS involvement in coal 
mine reclamation research. 

3. Prepare a preliminary plan for a research project - if warranted. 

10. Resources: 

11. 

12. 

13. 

14. 

a. Starting date: March 1, 1976 
b. Estimated year of completion: 1977 
c. Estimated total Prof. man-years required: 1.8 
d. Essential new major equipment items for 1976-77 with costs: Nil 
e. Essential new major equipment items beyond 1977 with costs: Nil 
f. 1976-77 man-years Prof. 1.8 (Brace 0.8 and Vacant 1.0) 

Supp. 0.4 (Stewart) 
Casual 
Total 2.2 

SR Contracts - Nil 

Progress to Date: 

N/A new project 

Goals for 1975-76 

N/A new project 

AccomElishments in 1975-76: 

N/A new project 

Goals for 1976-77: 

1. In co-operation with the Alberta Department of Environment conduct 
a review of recent and eurrent strip-mine reclamation research in 
Alberta and of plans for future research. 

2. Co-operate with the Alberta Department of Environment in a hroad-scale 
literature review of reclamation and revegetation, including coal 
mining, oil and salt spills, highway right-of-ways, etc. 
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3. Prepare a preliminary report on the potential for NFRC-EMS 
involvement in strip-mine reclamation research by September, 1976. 

15. Publications: 

N/A New project 

16. ?ignatures: 

Investigator Program Manager 

Director G. T. Silver 
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